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GENERAL INTRODUCTION 
Research interests in Cuphea Koehne have increased since 
the early 1980s (Thompson, 1984; Hirsinger, 1985). Certain 
Cuphea species are a potential source of medium chain-length 
fatty acids (MCFA)(fatty acids with carbon-chain lengths 
primarily of C8:0 to C14:0 ) . Cuphea seed lipids are unique 
for the diversity of the fatty acids produced, and for the 
production of MCFAs. One of these MCFAs, lauric acid (C12:0), 
is essential to industry as a raw material for the production 
of surface-active agents, plasticizers, physiologically active 
compounds, perfumes, flavors, soaps, detergents, and cosmetics 
(Miller et al, 1964, Knaut and Richtler, 1985). Formulations 
comprised of caprylic (C8:0) and capric (C10:0) acids are used 
to treat disorders of lipid metabolism, other diseases, and as 
a source of rapidly absorbed, high energy fuel for critically 
ill patients (Babayan, 1987; Bach and Babayan, 1982). MCFAs 
may be used as a nontoxic, antimicrobial preservative in food 
and other perishables (Kabara, 19 84). 
The current source of lauric seed oils are from tropical 
palms that are subject to variations in yield due to drought 
and disease. Cuphea could be an attractive domestic 
alternative or supplement to coconut and palm kernel oil 
(Graham, 1989). Economical production of MCFAs from Cuphea is 
impeded by the wild state of these species. Constraints to 
domestication have been seed dormancy, seed shattering, and 
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indeterminant flowering habit (Kirsinger, 1980; Thompson, 
1984; Graham, 1989). 
Cuphea viscosissima Jacg. has an average seed oil of 75 % 
capric acid (C10:0) (Graham, 1939) and lines have been 
developed with as much as 28 % caprylic acid (C8:0), IS % 
lauric acid (C12:0), and 29.4 % myristic acid (C14:0) (Webb 
et al., 1992; Knapp personnel communication, 1992). This 
species is a self pollinated annual dicot with n=6 chromosomes 
and an extended post-harvest seed dormancy (Graham, 1968, 
1989)- Lorey and Robblen (1984) found little phenotypic 
variation within most Cuphea species, and found simple genetic 
markers for monitoring success of hybridization to be rare. 
Roath et al. (1992) evaluated forty accessions of Cuphea 
viscosissima collected from the central U.S. for their 
morphological characters. They found little morphological 
variation. The variation found was in plant height and mass, 
seed yield, oil quantity, and the MCFAs C8:0 and C10:0. 
Genetic variability is vital for any plant breeding program. 
Without new combinations of genes for genetic improvement, 
progress toward domestication can not be made. 
Variation has been an ubiquitous phenomenon associated 
with tissue culture of single plants (Carlson, 1973; Carlson 
and Polacco, 1975; Gautheret, 1959; Green, 1977; Morell, 1971; 
Sunderland, 1977; Torrey, 1965; Widholm, 1974). The 
occurrence of genetic changes in tissue culture and in plants 
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derived from cell cultures has been previously documented and 
termed somaclonal variation (Larkin and Scowcroft, 1981). 
Such variation has been observed in plants derived from many 
expiant sources using various culture methods and different 
species (Maddock et al., 1983). Chromosomal aberrations, 
ranging from changes in ploidy to whole chromosome loss, have 
been found in tissue-culture derived plants. Mutations that 
are single gene, multigene, and cytoplasmic have also been 
described (Ahloowalia, 1982 Dahleen et al. , 1991; Lee and 
Phillips, 1988) and to the possible action of transposable 
elements (Larkin et al., 1984). 
Somaclonal variability may broaden the genetic base and 
provide material for plant improvement. Larkin and Scowcroft 
(1981), suggested that tissue culture-induced variation could 
be a useful adjunct to plant breeding programs. Several 
examples of agronomically related tissue-culture induced 
variants have been reported (Ahloowalia and Sherington, 1985; 
Evans and Sharp, 1983; Larkin et al., 1984). These variants 
include disease resistance in sugarcane {Sacchajrum spp. 
L.)(Heinz et al., 1969; Heinz and Mee, 1971) and potato 
{Solanum tuberosum L.)(Secor and Shepard, 1981), Scented 
geranium (Pelargonium sp. L.) (Skirvin and Janick, 1976), early 
maturity in maize (Zea maize L.)(Lee et al., 1988), changes in 
wheat [Triticum aestivum L. em Thell.) gliadin proteins 
(Cooper et al., 1986), changes in barley {Hordeum sp. L.) size 
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and head morphology (Orton, 198 0), and changes in height and 
grain weight of rice (Oryza sativa L.)(Sun et al., 1983). 
Changes in leaf morphology, branching habit of tomato 
{Lycopersicum esculentum) (Sibi, 1981) and male fertility 
(Evans and Sharp, 1983), and changes in yield and plant height 
in soybean (Glycine max L. Merr.)(Graybosh et al., 1987) have 
been reported. 
In vitro propagation of C. wrightii Gray, was reported by 
Janick and Whipkey (1986). Calli induced from leaves, 
shoots, hypocotyls, and epicotyls were capable of initiating 
shoots as well as accillary branching, but calli induced from 
seedling roots did not differentiate shoots. Freshly 
harvested seeds from regenerated plants (Rg) failed to 
germinate. 
There is no research involving somaclonal variation in C. 
viscosissima in the literature except that Tagliani and Knapp 
(1990) reported the regeneration of plantlets from immature 
embryos of C. viscosissima Jacq. Attempts were made for 
transformation by using Agrobacterium tumefuciens, and 
substantial tumors have been induced. Therefore, studies 
involving somaclonal variation in Cuphea could provide 
geneticists and plant breeders with information relative to 
the application of tissue-culture induced mutations, methods 
to generate new sources of genetic variability for improving 
crop performance, and acquiring additional knowledge of 
genomic structure and inheritance. 
The objectives of this study were to generate soraaclonal 
genetic variability in C. viscosissima germplasm through 
tissue culture by: a) Establishing a tissue culture 
regeneration system and b) Evaluating regenerated material fo 
useful traits. 
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EXPLANATION OF DISSERTATION FORMAT 
This dissertation includes two complete papers dealing 
with Cuphea viscosissima Jacq. plantlet regeneration from 
tissue culture and field evaluation of the resultant 
somaclones. The references cited in general introduction, and 
literature review are listed in additional literature cited. 
A data appendix is added at the end of the dissertation which 
will not be included in the published manuscripts. 
Paper number one deals with callus initiation and 
plantlet regeneration, this paper has been submitted for 
publication in the journal 'Euphytica'. Paper number two 
describes the field evaluation of fifteen Pi's and their 
regenerated Rj families, this paper will be submitted for 
publication in a referred journal. 
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LITERATURE REVIEW 
The availability of regeneration systems allows the 
possibility of studying somaclonal variation. Somaclonal 
variation was defined by Larkin and Scowcroft (1981) as the 
generation of genetic variability via tissue culture. 
Establishing a tissue culture regeneration system in Cuphea 
viscoslssima Jacq. is a prerequisite for inducing somaclonal 
variation. 
Even though mutations could occur naturally, most natural 
mutations take place at very low frequencies in plant species. 
In many self-pollinating (homozygous) plants, these mutations 
occur so infrequently that such mutations do not provide an 
immediate reliable source of genetic variability to the plant 
breeder. Many mutations that do occur are recessive traits 
(Elliot, 1958). Buiatti et al. (1985) suggested a possible 
use of tissue culture techniques as a powerful "mutagen" and 
the resultant variability be used in plant improvement 
programs. 
For many years plants have been regenerated from tissue 
or cell culture, especially for micropropagation of asexually 
propagated plant species. Observations of somaclonal 
variation were first reported by Heinz et al. (1959) in a 
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comparative study of chromosome number of five Sacchaium 
species hybrids and their 5 year-old-cell suspension cultures. 
They reported that the chromosome number was stable in four 
parental clones (2n=122, 114, 114, and 112), but was variable 
in another (2n=108-128). However, all clones derived from 
tissue culture were variable in chromosome number, with a 
partial aneuploid series at the haploid and/or polyploid 
level. Each clone had different chromosomal population modes 
after 6 years of culture. In another study, Heinz and Mee 
(1971) studied two populations derived from callus tissue of 
sugarcane clones. They observed variation in morphological 
characters such as changes in auricle length and the presence 
or absence of hairs. Greater variation was observed in plants 
from one (a chromosomal mosaic) population than in plants from 
the other (chromosomally stable) population. 
The occurrence of spontaneous mutations has been observed 
by farmers in vegetatively propagated crops such as sugarcane, 
potato, banana and floricultural plants. Some useful 
mutations were reported, for example in naval orange {Citjras 
spp. L.), dwarf bananas (Musa spp. L.), colored and striped 
sugarcane, and several potato {Solanum tuberosum L.) cultivars 
(Ahloowalia, 1986). Ahloowalia (1986) also reported that in 
contrast to spontaneous mutations, in vitro regenerated 
variations apparently occur more freguently, are detected more 
easily, can be readily spotted in a limited space, and in a 
[ 
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short time. Mutations arising from tissue culture have been 
reported to occur at a higher frequency than those induced by 
conventional mutation programs (Elliot, 1958; Gavazzi et al., 
1987; Rice, 1982). Gavazzi et al. (1987) reported that 
regeneration from in vitro culture leads to a higher number of 
mutations than application of chemical mutagen to either 
tomato seeds or pollen or both. The pattern of mutations was 
also different, with some mutant classes (e.g. potato leaf) 
arising exclusively from somaclonal variation. Somaclonal 
variation has been well documented in plants regenerated from 
different expiant sources: immature embryos, stem or leaf 
tissue, anthers, ovaries, or protoplast cultures (Karp and 
Bright, 1985; Larkin and Scrowcroft, 1981; Scowcroft, 1985; 
Skirvin and Janick, 1976). 
Possible causes of genetic instability 
Plant tissue and cells in culture undergo variation. 
This variation can be stable and persist in the absence of the 
event that induced the change (Meins and Binns, 1979). The 
new phenotype is transmitted to daughter cells, regardless of 
whether a gamete or gamete-like phase is included in the 
growth process, and regardless of whether differences in 
specifity can be analyzed by genetic recombination (Nanney, 
1957). Genetic variation is used to describe heritable 
variation that is sexually transmitted to progeny of plants 
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regenerated from cultured cells. However, changes in 
phenotype that persist only as long as the cells or tissues 
are maintained in a new environment are referred to as 
physiological responses (Holtzer et al., 1972). Cellular 
variation could result from genetic mutation, epigenetic 
change, or a combination of both processes (Meins, 1983). 
Genetic mutations involve random alterations in genetic 
constitution such as point mutations, deletions, duplications, 
and rearrangements of the genetic material. Epigenetic 
changes are more difficult to define because their underlying 
mechanism is as yet unknown. The term "epigenetic change" was 
defined by Harris (1964) as cellular alterations that do not 
result from permanent changes in the cell genome. There are 
many examples in which a variant phenotype is expressed in 
culture at the biochemical levels but not in the plant 
(Chaleff and Keil, 1981; Larkin and Scowcroft, 1931/ 
Scowcroft, 1985; Sorenson, 1984; Widholm, 1980). 
Several possible mechanisms for the origin of tissue 
culture induced plant variation (both epigenetic and 
heritable) have been proposed. These variations include 
polyploid and aneuploid changes, structural changes in 
chromosome morphology, and mitotic aberrations ranging from 
changes in ploidy, i.e. whole chromosomal loss (Ahloowalia, 
1983; Bayliss, 1980; Heinz et al., 1969; McCoy et al., 1982; 
Orton, 1980; Ranch and Palmer, 1987), translocations (Larkin, 
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1987), gene amplifications and single nucleotide base changes 
(Brettel et al., 1986b; Dennis et al., 1987; Evans and Sharp, 
1983; Larkin, 1987), mobilization of transposible elements 
(James and Stadler, 1989; Larkin, 1987; Peschke et al., 1987), 
and production of secondary metabolites (Scowcroft, 1985). 
These changes depend on the duration and type of the tissue 
culture system (Chaturvedi and Mitra, 1975; Larkin and 
Scowcroft, 1981; Lee and Phillips, 1984; Wang and Holl, 1988). 
Genetic variation in regenerated plants obtained through 
tissue culture has been well documented (Larkin and Scowcroft, 
1981). Somaclonal mutants that can occur during in vitro 
culture include resistance to disease pathotoxins and 
herbicides, tolerance to environmental and edaphic stresses 
such as heat and aluminum tolerance (Scowcroft, 1985). 
Variation at a single nucleotide base change also has been 
characterized. Brettel et al. (1986a) was able to 
characterize a base change in alcohol dehydrogenase (Adhl) of 
maize by using DNA isolation and sequencing techniques. 
Molecular biological techniques can provide some of the 
experimental tools helpful in understanding the role of 
spontaneous somatic mutations in the generation of biological 
diversity. 
Terminology 
Variant plants regenerated from cell cultures of geranium 
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were termed "calliclones" (Skirvin an Janick, 1976), while 
plants regenerated from protoplasts of potato were termed 
"protoclones" (Shepard et al., 1980). Larkin and Scrovcroft 
(1981) have promoted the use of the more general term 
"somaclonal variation" from the variation detected in plants 
derived from any form of cell culture. Plants regenerated 
from cell culture are referred to as R or RQ plants (Chaleff, 
1981) . The self-fertilized progeny of Rg plants are referred 
to as Rj plants. Subsequent generations produced by self-
fertilization of R] plants are termed R,, Rj, R4 etc. This 
termonology is used throughout this thesis. 
Screening for somaclonal variants 
Somaclonal variation depends upon the occurrence and 
recovery in regenerated plants of Mendelian and non-Mendelian 
genetic variation from tissue cultures. These changes in the 
integrity of the genome are attributed to mutant induction, 
mitotic crossing over, and organelle mutation and sorting 
(Evans et al., 1984). 
Generally, if a recessive mutation occurs, segregation 
for the trait is observed in R, and later generations 
indicating that the R, plant was heterozygous for the mutant 
traits. R2 generation segregation for tissue-culture induced 
mutations were reported in sugarcane (Larkin and Scowcroft, 
1981), tomato (Lycopersicum esculentum L. Mill.) (Evans and 
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Sharp, 1983), wheat (Larkin et al., 1984), maize (Zea. mays 
L.)(McCoy and Phillips, 1982), and soybean {Glycine max L. 
Merr.) (Barwale and Widholm, 1987). Induced variation from 
tissue-culture regenerated plants has been reported in the 
and/or Rj generation plants of maize (Brettel et al., 1986a, b; 
Dennis et al, 1987; McCoy and Phillips, 1982) , geranium 
{Pelargonium Sp.)(Skirvin and Janick, 1976), sugarcane (Heinz 
and Mee, 1971), oat (Avena sativa L.) (McCoy et al., 1982), and 
soybean (Barwale and Widholm, 1987; Freytag et al., 1989; 
Graybosh et al., 1987 ) . 
To confirm any type of mutation, a genetic study of the 
suspected mutants and the type of segregation of their 
progenies is required. For example, recessive single gene 
mutations are suspected if the variant does not appear in the 
Rg plant and the self-fertilized progeny segregate in an 
expected 3:1 Mendelian ratio for the trait of interest. To 
confirm this type of segregation, a complementation test 
should be completed with a known mutation for the crop of 
interest. This type of detailed genetic analysis to confirm 
single gene traits has only been completed for tomato (Evans 
and Sharp, 1983). Three to one ratios have also been reported 
for maize (Edallo et al.,1981), tobacco {Nicotiana sylvestris 
(Prat, 1983) and rice {Oriza sativa) {Fukui, 1983; Sun et al., 
1983). Culture of microspores could result in recessive 
mutations that are visible in the R^ generation (Evans and 
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Sharp, 1983). While, it is possible that gametoclonal 
variants can be detected in the generation, the evaluation 
of Ri progeny must be completed to detect the full spectrum of 
soinaclonal variants. 
Coleman (1970) reported the isolation of regenerated 
plantlets resistant to mosaic virus disease from a susceptible 
sugarcane cultivar. These plants maintained their immunity 
under field conditions (Nickell and Heinz, 1973). In another 
study, Heinz et al. (1977), found differences in chromosome 
number, stature, auricle length, pubescence, and isozyme 
banding patterns among plants regenerated from cultured 
sugarcane cells. Liu (1981) and Liu and Chen (1976) reported 
variation among culture-derived plants for characters such as 
stalk number, length, and diameter, leaf morphology, and sugar 
yield. 
Soybean variants observed included twin seeds, multiple 
shoots, dwarfs, abnormal leaf morphology, abnormal leaf 
number, wrinkled leaves, chlorophyll deficiency, partial 
sterility, and complete sterility (Barwale and Widholm, 1987). 
Chlorophyll deficiency, sterility and wrinkled leaf traits 
were followed in two or more generations and showed that these 
traits were inherited stably in soybeans. Freytag et al. 
(198 9) observed variants from tissue culture that included 
lanceolate leaves, leaf variegation (chimeral variegated 
plants), pod variegation on otherwise normal plants, and 
change in growth habit from indeterminate to determinate. The 
lanceolate leaf, chimeral variegated plant, and change from 
indeterminate to determinate growth habit characters were 
inherited through at least three generations (RQ - R,), and 
segregation occured in each generation. In another study by 
Graybosch et al. (1987), three soybean genotypes were found to 
show significant variability for plant height and yield. In 
this case, yield of the somaclones were lower than the 
control. However, Stephen et al. (1991) found changes in 
maturity, lodging , plant height, seed protein, and oil, but 
not for seed weight or for seed yield. 
Chaleff and Keil (1981) discovered that more than half of 
all tobacco lines isolated on the basis of resistance to the 
herbicide picloran were also resistant to hydroxyurea. Three 
crosses of regenerated plants with hydroxyurea susceptible 
plants demonstrated that resistance to hydroxyurea was caused 
by a single dominant nuclear mutation. Resistance to 
hydroxyurea and picloran were genetically unlinked. The 
callus culture from which the mutants were derived was 
sensitive to hydroxyurea and resistance arose only rarely 
among populations of sensitive cells. Oinuma and Yoshida 
(1974) conducted randomized field experiments to compare seed 
progeny of three inbred tobacco cultivars to three doubled 
haploid lines generated by anther culture from each of the 
cultivars. The somaclonal lines differed significantly among 
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themselves and from the parental line in almost all characters 
examined including: days to flowering, plant height, stem 
width, yield, and total alkaloids. There was no significant 
variation in any of these characters within the somaclonal 
lines. 
Prat (1983), studied regenerated plants from ascenic 
plantlets generated from mesophyl protoplast culture without 
mutagenic treatment. Two different lines of Nicotiana 
sylvestris were used: an original line, and a diploid 
androgenetic line derived from it. He found that the 
regenerated plants were either diploid and phenotypically 
similar to their respective protoplast source line, or they 
were tetraploid. Genetic studies carried out on several 
diploid regenerated plants revealed genetic variability in the 
protoplast source lines such as late flowering, albino, 
rosette leaf necrosis, chlorophyll variegation, male-sterile 
plants, and small non-flowering plants. 
Regenerated tomato plants from cultured leaf expiants of 
an inbred variety carried a wide variety of mutants (Evans and 
Sharp, 1983). These mutants were detected in the segregating 
progeny of selfed somaclones. Among the progeny of 230 
plants, 13 mutations were recovered. These mutants affected 
growth habit, pedicel jointedness, fruit color, albinism, and 
male sterility. No mutants were found among more than 2,000 
plants from seeds of the donor plant. 
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In the wild tomato species, Lypersicon peruvlanum, plants 
regenerated from in vitro culture of anthers carried a large 
number of mutations in gametophytic incompatibility alleles 
(S-alleles) as well as S-allele reversions (Sree Ramula, 
1982) . 
Gavazzi et al. (1987), compared the mutants in progeny of 
tomato plants regenerated after one passage in vitro culture 
with those mutants induced by ethyl methane sulphonate. They 
found that the progenies recovered from both procedures were 
grouped into the following categories: seedling lethality, 
male sterility, resistance to verticillium, short stature, and 
change in number of lateral shoots or in leaf shape. The 
pattern of mutants was also different, with some mutants 
classes such as potato leaf arising exclusively in somaclones. 
In wheat, Scowcroft et al. (1983), analyzed 142 progenies 
of somaclones of the Mexican double dwarf accession Yaqui 50E 
through two consecutive generations. These somaclones 
segregated for height, maturity, tiller number, awns, glume 
color, grain color, clavate head shape, and leaf waxiness. In 
another study. Sears and Deckard (1982) observed variability 
among wheat genotypes tested for callus induction, regenerable 
callus formation, response to subculture, and plant 
regeneration potential. Among the thirty-nine genotypes 
examined, only eighteen were capable of regenerating plants 
after four subcultures. These workers concluded that the 
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response in tissue culture of cultivated wheat varies with 
genotype and that lines with good tissue culture potential can 
be identified. Akbar and Nabors (1990), evaluated regenerated 
plants from wheat culture for variation in agronomic and 
morphological characters. Comparisons were made among the 
somaclones and their parents for plant height, spike length, 
number of grains per spike, and 100-grain weight. They found 
high frequency of variation among the somaclones for many 
individual characters, such as variation in the spike length 
and an associated increase in the number of kernel per spike. 
Yield increases have been reported in sorghum (Bhaskaran et 
al. 1987) and in rice (Zong-Xia et al. 1983). Ryan et al. 
(1987) evaluated a total of 256 selected lines derived from 
tissue culture of three hexaploid wheat cultivars. They found 
significant variation in all the characters measured: plant 
height; grain number per spike, kernel weight, yield, total 
dry weight and harvest index. The lines selected for high 
yield or harvest index did not maintain significant 
improvement over their parental controls. However, 
significant increases in kernel weight, hardness and protein 
content, and a significant reduction in yellow pigmentation 
represented potentially useful improvements. Unfavorable 
variation was seen Only in flour yield and in mixograph 
height, time and breakdown. 
In maize somaclones, Edallo et al, (1981) were able to 
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identify 17 defective endosperm or seedling mutants which were 
phenotypically the same as classically identified mutants. In 
the analysis of somaclone progeny, their criterion for 
classifying a variant as a mutant was that segregation ratios 
should conform to Mendelian expectations. They analyzed 
somaclones derived from two different donor genotypes. The 
progeny analysis showed that each somaclone carried an average 
of one simply inherited mutation. Some plants had carried 
more than one mutation and when more than one plant was 
regenerated from a callus, different plants often carried 
different mutations. 
Maize studies have also provided evidence that the 
mitochondrial genome can undergo genetic changes during cell 
culture. The toxin (T-toxin) produced by the causal agent of 
southern corn leaf blight, Bipolaris maydis (Nisikado & 
Miyake) Shoemaker, has been used as a selective agent in 
tissue cultures of T-cytoplasm maize lines (Gengenbach et al. 
1977). Regenerated plants from the selected cell lines were 
resistant both to the toxin and to infection by the pathogen. 
Coincidentally, the toxin resistant plants had also reverted 
to male fertility. 
The conversion during tissue culture to toxin resistance and 
male-fertility is heritable and was shown to be associated 
with the mitochondria. A restriction endonuclease analysis of 
mt-DNA from a number of independently occurring male-fertile. 
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toxin resistant somaclones revealed that in most cases the 
mitochondrial DNA had undergone specific changes (Scowcroft, 
1985). Thus, maize cell culture does demonstrate that changes 
do occur during cell culture and such alternation may occur at 
the nucleotide level. 
Lee et al. (1987), evaluated a total of 305 tissue 
culture-derived maize lines and tested crosses at three 
locations . They found that the tissue culture-derived lines 
and their testcrosses generally had lower grain yield and 
moisture than their parents. Grain yield and plant height 
tended to decrease with culture age. Although tissue culture-
derived lines were, on average, inferior, the highest yielding 
line per se in three of six trials and the top-ranked line in 
five of six trials for yield and moisture were derived from 
tissue culture. 
Somaclonal variation in C. viscosissima Jacq. has not been 
studied. Regeneration from immature embryos was reported by 
Tagliani and Knapp (1990). A good regeneration tissue culture 
system is prerequisite for any attempt to manipulate the 
Cuphea genome via the introduction of foreign genes. 
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PAPER I: CALLUS GROWTH AND PLANTLET REGENERATION OF 
Cuphea viscosissima Jacq. ACCESSIONS. 
22 
ABSTRACT 
Thirty-two accessions of cuphea viscosissima Jacg. 
collected from Central U.S. were analyzed for differences in 
callus growth and ability to regenerate plantlets. Calli were 
initiated from immature embryos on a modified Murashige and 
Skoog medium containing 1 mg/L 2,4-dichlorophenoxyacetic acid 
(2,4-D) and 1 mg/L 6-benzylaninopurine (BA). Calli were 
incubated in the dark for three weeks. Plantlets were 
initiated by transferring calli to new medium containing 0.5 
mg/L BA. Variability was observed among accessions for callus 
weight and plantlet regeneration and only the epicotyl was 
capable of forming shoots in vitro. There was no relationship 
between callus growth and plantlet regeneration. 
Abbreviations: PI: Plant Introduction; 2,4-D: 2,4-
dichlorophenoxyacetic acid; BA: 6-benzylaminopurine; MS: 
Murashige Skoog (1962) medium. 
Key words: Callus; embryo; in vitro; and tissue culture. 
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INTRODUCTION 
Cuphea viscosissima Jacq. is a potential new oilseed crop 
being developed as a new source of medium chain-length fatty 
acids. Cuphea seed lipids are unique for the diversity of the 
fatty acids produced, and for the production of MCFAs (fatty 
acids with carbon-chain lengths primarily of C8:0 to Cl4;0) 
(Graham et al.,1981; Miller et al., 1964; Wolf et al., 1983). 
One of these MCFA, lauric acid (C:12), is highly important to 
the industry as a raw material for the production of surface-
active agents, plasticizers, physiologically active compounds, 
perfumes, flavors, soaps, detergents, and cosmetics (Arckoll, 
1988). Constraints to domestication are mainly due to seed 
dormancy, seed shattering and an indeterminate flowering habit 
(Hirsinger, 1980; Hirsinger and Knowles, 1984; Thompson, 
1984) . 
The availability of regeneration systems allows the 
possibility of studying somaclonal variation, which is the 
generation of genetic variability via tissue culture (Larkin 
and Scowcroft, 1981). Somaclonal variation may result in the 
genesis of novel genetic characters of interest to plant 
breeders and geneticists. Variations for characteristics such 
as salt tolerance, disease, and herbicide resistance have been 
reported (Chaleff, 1984). 
The ability to regenerate plants from callus cultures has 
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a large genotypic component in many species such as alfalfa 
(Bingham et al. 1975; Brown and Atanassor, 1984), red clover 
(Keyes et al., 1980), and tomato (Franbenger et al., 1981). 
Nestieky et al. (1983) observed a clear genotypic response for 
callus growth from mature embryos in a diallel analysis of six 
inbred lines of maize, while Tabata and Motoyoshi (1965) made 
similar observations from endosperm callus growth. 
Plants have been regenerated consistently from cultured 
immature embryos and inflorescences of a number of species, 
e.g. maize (Green and Phillips, 1975), oats (Gumming et al., 
1976) , barley (Dale and Deambrogio, 1979) , and wheat ( Haddock 
et al., 1983; Ozias-Akins and Vasil, 1982; Sears and Deckard, 
1982). In some legume expiants, immature embryos have proven 
to be useful for increasing regeneration frequency and 
producing highly morphogenic cultures from soybean (Lazzeri et 
al., 1985), pea (Kysely et al., 1987) and peanut (Ozias-Akins, 
1989). Of particular interest to the present study is the 
development of a regeneration system that will allow routine 
regeneration of Cuphea. 
Plant regeneration in vitro is a critical step in the 
success of any crop improvement program using biotechnology. 
In vitro regeneration of Cuphea wrightii Gray was reported by 
Janick and Whipkey (198 6). The culture of immature embryos of 
C. viscosissima was reported by Tagliani and Knapp, (1990) 
although they did not identify the material used. 
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The objectives of the present study were to establish a 
callus culture system using immature embryos of C. 
viscosissima, and to evaluate these accessions for in vitro 
regeneration ability. 
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MATERIALS AND METHODS 
Thirty-two plant introductions (Pi's) of C. viscosissima 
representing a broad geographical range (Table i) were 
evaluated for callus growth and plantlet regeneration. Calli 
were initiated from immature embryos. Developing pods, 10 to 
12-days post-flowering, were surface-sterilized for 15 min in 
10% commercial bleach plus a drop of Tween 20, and rinsed 
three times with sterile distilled water. Seeds were excised 
from pods, the seed coat and the cotyledons were removed, and 
the embryo was divided equally into three sections (epicotyl, 
hypocotyl and radicle) and placed on a sterile, solid agar 
medium containing the inorganic components of Murashige and 
Skoog (MS) nutritional complex (19 62). The medium contained, 
on a per liter basis, 0.5 mg thiamine HCl, 0.5 mg pyridoxine 
KCl, 0.5 mg folic acid, 0.05 mg biotin, 2 mg glycine, 5 mg 
nicotinic acid, 100 mg myo-inositol, 30 g sucrose, 6.5 g agar 
(Difco), 1 mg 2,4-dichlorophenoxyacetic acid (2,4-D) and 1 mg 
of benzylaminopurine (BA). The medium was adjusted to pH 5.7 
and autoclaved 15 min at 15 psi prior to pouring into Petri 
dishes (100x15 mm). Cultures were maintained on this medium 
for 21 days in darkness at room temperature. The experiment 
was conducted in a randomized complete block design with four 
replications and 15 expiants per replicate. 
To further characterize responses of different genotypes 
in culture, the weight of calli was determined by weighing 
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Table 1; Sites of collection of Cuphea viscosisslma Jacq. 
PI Number State County 
PI 534730 Missouri 
PI 534734 Kansas Miami 
PI 534735 Kansas Linn 
PI 534736 Kansas Crawford 
PI 534737 Kansas Crawford 
PI 534738 Kansas Crawford 
PI 534739 Kansas Cherokee 
PI 534740 Kansas Cherokee 
PI 534741 Kansas Cherokee 
PI 534742 Missouri Jasper 
PI 534743 Missouri Dade 
PI 534744 Missouri Dade 
PI 534745 Missouri Polk 
PI 534746 Missouri Barry 
PI 534749 Missouri Stone 
PI 534751 Arkansas Baxter 
PI 534752 Missouri Ozark 
PI 534753 Missouri Texas 
PI 534754 Missouri Shannon 
PI 534755 Missouri Shannon 
PI 534756 Missouri Reynolds 
PI 534757 Missouri Iron 
PI 534758 Illinois Randolph 
PI 534761 Illinois Johnson 
PI 534762 Illinois Pope 
PI 534763 Illinois Saline 
PI 534764 Illinois Wabash 
PI 534766 Illinois Clay 
PI 534768 Illinois Cahoun 
PI 534770 Illinois Pike 
PI 534771 Iowa Davis 
PI 534911 West Virginia 
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each pétri dish containing calli 21 days after initiation and 
then determining the weight of the dish without calli. Special 
care was taken to remove the extra culture medium attached to 
each callus. The mean weight per callus was then determined 
by dividing the total weight by the number of calli in each 
petri dish. Calli were then subcultured onto fresh medium 
containing no 2,4-D and 0.5 mg/1 of BA. The cultures were 
maintained for an additional 21 days in a growth chamber at 26 
°C, 16 hour daylength. Weight was also determined at the end 
of this second period of culture (42 days) and calli were 
transferred to the same fresh medium. 
Vegetative shoots which developed from calli were excised 
and subcultured on medium without 2,4-D or BA in Magenta 
vessels 7x7x10 cm (Magenta Corporation 3800 N.Milwaukee Ave. 
Chicago, IL 60641) for root initiation (Table 2). After 
approximately 2 0 days, the roots of regenerated plants were 
well developed. Roots were washed with sterile water to 
remove agar and transplanted into the same type of vessels 
containing autoclaved vermiculite and commercial fertilizer 
and placed into a growth chamber for about a week. After one 
week each plant was gradually hardened-off and then 
transplanted into standard greenhouse potting soil and 
'Mention of brand names does not constitute endorsement of any 
commercial product by USDA-ARS or its cooperative agencies. 
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Table 2: Hormones and concentration used in 
with MS^ medium. 
combination 
mg/1 
Hormones^ Callus formation Shoot initiation Root formation 
2,4-D 
o
 
o
 
o
 
H
 0.0 
BA 1.0 0.5 0. 0 
1: Murashige and Skoog (19 62) nutritional complex. 
2; 2, 4-D= 2, 4-dichlorophenoxyacetic acid. 
BA= benzylaminopurine. 
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RESULTS AND DISCUSSION 
Callus growth 
Callus growth was observed from all parts of the embryo 
after being placed on the initiation medium. The calli were 
yellow-white during the incubation period. Calli turned green 
once they were transferred under light with some sectors 
remaining yellow. Some of the green sectors were very dark 
(Fig. la). Such dark green regions previously had been 
referred to as "totipotent callus" in corn tissue culture 
(Green and Phillips, 1975). Ogura and Shimada (1978) observed 
a probable correlation between the occurrence of green sectors 
and shoot formation in wheat root callus although their sample 
size was quite small. Nabors et al. (1982) found that the 
occurrence of green spots in oat secondary callus was 
positively correlated with shoot regeneration. 
During the first period of culture (21 days), the calli 
mass was not significantly different among the different 
accessions (Table 3). The average mean weight was 19 mg per 
callus. During this period, all the calli looked healthy and 
increased in size from about 0.3 mm in diameter to about 3 to 
4 mm in diameter. At the end of the second period of culture, 
however, the fresh weight of calli among the accessions varied 
significantly. The average callus weight was 134 mg per 
callus. The greatest gain was observed in PI 534741 (275 mg), 
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a PI from Kansas (Fig. 2), which represents an increase of 
about 10-fold during the second 21 days in culture. The lowest 
callus weights were observed in Pi's 534768 and 534770 (45 
mg); two Pis from Illinois. 
In peanuts, Ozias-Akin (1989) observed that both 2,4-D 
and G-naphthaleneacetic acid stimulated the formation of 
smooth nodular outgrowths, or 'neomorphic protuberances' as 
termed by Hartweck et al. (1988). We observed similar 
formation of smooth nodular outgrowths during the second 
period of culture by using 2,4-D and BA during the initiation 
period (Fig. la). These nodular outgrowths were seen only in 
some accessions and variability was observed within the same 
accession. 
We used, as expiant sources, different parts of the embryo, 
including the radicle, hypocotyl and the epicotyl, but did not 
follow each callus separately. Shoot-tip meristems have been 
most commonly used as source of expiants, and some reports 
indicate that proliferation originates from both axillary and 
adventitious buds (Cheema and Sharma, 19 83) . A separate study 
was undertaken to determine which part of the embryo has the 
ability to produce this type of nodular growth. We used PI 
534738 because of its good response to shoot initiation. Each 
embryo was divided into 3 sections of approximately equal 
length along the radicle-hypocotyl-epicotyl axis using a 
sterilized scalpel and with the aid of a magnifier. The 
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sections were cultured aseptically in separate petri dishes 
(Fig. 3). The same culture medium and conditions as described 
earlier were used. We found that only the epicotyl expiant 
gave rise to shoot production (table 4). The callus mean 
weight did not differ significantly different among the three 
different sections (Pr>F - 0.07) even though the callus mean 
weight for the epicotyl section was almost twice the mean 
weight from either the hypocotyl or the radicle section (Table 
4) . 
Plant Regeneration 
The regenerable calli were characterized by sustained 
growth with few to many organized primordia scattered within 
highly-lobed calli (Fig. lb). The dark green primordia 
expanded and elongated within 7-14 days after appearance. 
These smooth nodular outgrowths developed into shoots, but no 
root formation was observed from the region of attachment to 
the expiant (Fig. Ic). Some calli, however, produced clusters 
of roots without shoot formation. 
Among the 3 2 accessions evaluated, nine Pi's did not 
produce shoots at all (Table 3 and Fig. 4). The highest 
frequency of calli producing shoots was observed with PI 
534766 (21.6%) with an average of 4.4 shoots per callus (Fig. 
4). There was no correlation between callus weight and shoot 
initiation (Table 5), however there was high correlation 
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between the number of calli that produced shoots and the 
number of shoots produced. PI 534741 had the highest mean 
callus weight (275 mg/callus) but only seven shoots were 
recorded from 2 calli among the 64 evaluated. PI 534766 had 
an average mean callus weight of 181 mg/callus, but 13 calli 
produced shoots which represents 21.6 % of the plated calli. 
The difference between these two calli mean weights is 
significant at the probability level of 1 per cent. PI 534744 
produced the highest number of shoots per callus (Fig. 5), 
however the number of calli produced shoots was very low 
(1.6%) (Fig. 4). 
Genotypic effects have been well documented for tissue 
culture responses (Abe and Futsuhara 198 6; Skvirsky et al., 
19 84). Differences among genotypes relative to shoot 
regeneration has been observed for Populus tremula Michx. and 
Populus tremuloides Michx. (Alhuja 1983). Regeneration 
response in cotton was found to be highly cultivar dependent 
(Trolinder and Xhixian, 1989). In wheat, variability was 
also observed among 3 9 wheat genotypes tested for callus 
induction, regenerable callus formation, response to 
subculture, and plant regeneration potential (Sears and 
Deckard, 1982). Tomes and Smith (1985) found that the number 
of plants per unit of callus does differ among the genotypes 
of elite maize germplasm. The same conclusions were reported 
by Beckert and Qing (1984) and Vasil et al. (1984). 
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This study has confirmed the previously reported success 
in regeneration of completely fertile plants (Fig. id) from 
calli of C. viscosissima immature embryos, (Tagliani and Knapp 
1990). In addition, these results demonstrated the 
importance of genotype for successful in vitro regeneration, 
and that only the epicotyl is genetically capable of forming 
shoots in vitro. In our study, nine accessions produced no 
shoots and 2 3 accessions produced regenerable calli within a 
range from 1.5 to 21.6%. These data suggest that genetic 
manipulation through breeding programs may improve the 
regeneration frequency of C. viscosissima accessions. 
Figure 1-A: Proliferation of smooth nodular outgrowths. 
Figure 1-B: Induction of multiple shoot buds. 
Figure 1-C: Multiple shoot formation from immature embryo 
callus 
Figure l-D: Regenerated Cuphea plant. 
L 
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Table 3: Callus growth and regeneration frequency of C. 
viscosissima Jacq. 
GENOTYPES OR* WEIGHTltSE'" WZIGHT2±S2f %CALLI< Mean^ 
PI 534730 MO 21 ± 9 116 ± 4 0 0 
PI 534734 KS 10 ± 2 59 ± 2 3 3 
PI 534735 KS 21 ± 19 95 ± 19 1. 6 1 
PI 534736 KS 17 ± 17 95 ± 63 13 6.5 
PI 534737 KS 17 ± 10 123 ± 53 10 3.3 
PI 534738 KS 26 ± 15 95 ± 63 18 3.9 
PI 534739 KS 22 ± 19 74 ± 18 3 3.5 
PI 534740 KS 16 ± Q 133 ± 46 6.6 4 
PI 534741 KS 29 ± 17 275 ± 24 3 2.5 
PI 534742 MO 18 ± 7 131 ± 64 1.6 1 
PI 534743 MO 14 ± 6 128 ± 7 5 0 0 
PI 534744 HO 16 ± 4 158 ± 32 1.6 8 
PI 534745 MO 15 ± 6 168 ± 33 0 0 
PI 534746 MO 14 ± 4 120 ± 46 5 2.6 
PI 534749 MO 22 ± 16 150 ± 72 1.6 3 
PI 534751 AR 17 ± 14 100 ± 55 3 3 
PI 534752 MO 24 ± 16 111 ± 54 1.6 1 
PI 534753 MO 21 ± 19 101 ± 23 S 6.4 
PI 534754 MO 19 ± 9 157 ± 66 6.6 6 
PI 534755 MO 21 ± 17 147 ± 127 0 0 
PI 534756 MO 21 ± 6 211 ± 32 10 6.6 
PI 534757 MO 30 ± 21 211 ± 127 3 1 
PI 534758 IL 23 ± 17 179 ± 23 0 0 
PI 534761 IL 16 ± 4 87 ± 20 18 3.6 
PI 534762 IL 29 ± 26 183 ± 29 6.6 4.7 
PI 534763 IL 11 ± 3 85 ± 20 5 5 
PI 534764 IL 23 ± 25 148 ± 71 6.6 6.7 
PI 534766 IL 11 ± 4 181 ± 55 22 4.4 
PI 534768 IL 8 ± 2 45 ± 12 0 0 
PI 534770 IL 16 ± 15 45 ± 33 0 0 
PI 534771 lA 26 ± 28 153 ± 58 0 0 
PI 534911 WV 22 ± 20 223 i 20 0 0 
Mean 19.2 133. 9 
S E  5.6 24. 4 
cv % 58.2 36. 4 
LSD NS 68. 4 
a: 0R= origin, W=West Virginia, KS=Kansas, MO=Missouri, 
IL=Illinois, IA=Iowa. 
b: Average weight in mg of individual calli after 21 days, 
c: Average weight in mg of individual calli after 42 days, 
d: Percent of calli that produced shoots. 
e: Mean number of shoots per callus. 
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Table 4: Callus growth and morphological responses of 
different embryonic sections to shoot regeneration. 
Total number of Total number Mean weight 
Type of expiant 
excised plants developed shoots mg/callus ± SE 
Epicotyl 20 16 61 ± 30 
Hypocotyl 2 0 0 30 ± 9 
Radicle 20 0 34 ± 9 
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Table 5: Corral 
Callus 
Weight 
Number of 
Shoots 
.on analysis. 
Number of 
Shoots 
-0.0127= 
0. 9447" 
Calli Producing 
Shoots 
-0.0323 
0.8605 
0.9396 
0.0001 
a: Pearson Correlation Coefficient, 
b: Probability greater than R. 
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PAPER II: SOMACLONAL VARIATION IN Cuphea. vlscosissima Jacq. 
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ABSTRACT 
Cuphea viscosissima Jacq. is a source of medium-chain 
length fatty acids. Somaclonal variation was investigated as 
a source of additional variability in this species. The R, 
families from RQ plants regenerated from calli induced from 
immature embryos were evaluated in the field for somaclonal 
variation at two Iowa locations during the summer of 1991. 
Comparisons were made among the parents and their R, families 
for the following traits: Seed yield, lOO-seed weight, percent 
seed germination, plant height, leaf area, percent oil 
content, and fatty acid composition. Variability was observed 
for all traits except for total oil content. R, families had 
significant increases (P > .05) over their parents for yield, 
percent seed germination, leaf area, plant height, lauric acid 
(C12:0) and caprylic acid (C8:0 ). Further evaluation is 
required to determine the stability of these putative mutants. 
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INTRODUCTION 
Plants regenerated from tissue culture have exhibited 
various morphological and biochemical variation due to 
mutations which were termed somaclonal variation by Larkin and 
Scowcroft (1981) . Tissue culture-induced variation occurs at 
high frequencies (Evans et al., 1984; Lôrz and Scowcroft, 
1983; Zong-Xiu et al., 1983), is stable and heritable, and 
occurs for both monogenic and polygenic traits (Bingham and 
McCoy, 1986; Evans et al., 1984; Larkin and Scowcroft, 1981; 
Zong-Xiu et al., 1983). Somaclonal variation has been 
reported to occur for traits that are useful in crop 
improvement such as yield, maturity and disease resistance 
(Daub, 1986; Evans et al. 1984; Larkin and Scowcroft, 1981). 
Some improved cultivars derived from somaclones have been 
released by Krishnamurthi and Tlaskal (1974), Miles et al. 
(1981) and Moyer and Collins (1983). 
Several explanations for these variations have been 
reported including gross chromosomal abnormalities, as well as 
single gene, multigene, cytoplasmic mutations, and the 
occurrence of transposible elements (Dahleen et al., 1991; 
Lee et al., 1988; Orton, 1984). Spontaneous mutations arising 
from tissue culture have been reported to occur with high 
frequency when compared to conventional mutation programs 
(Rice, 1982). The frequency and type of mutations that occur 
in somaclones are different from those induced by chemical 
mutagenesis (Gavazzi et al., 1987). They reported that 
regeneration from in vitro culture leads to a higher number of 
mutations than from application of chemical mutagen to either 
seeds or pollen or both. The pattern of mutants was also 
different, with some mutant classes (e. g. potato leaf) 
arising exclusively from somaclonal variation. 
Cuphea viscosissima is a potential new oil crop with 
narrow genetic variability (Knapp et al., 1992; Roath et al., 
1992). Investigation of tissue culture-induced variability 
may lead to improved cultivars in this new crop. The 
objective of this study was to test for the presence of tissue 
culture-derived genetic variation in agronomic traits under 
field conditions in the progeny of plants regenerated from 
tissue culture. 
MATERIAL AND METHODS 
A total of 15 donor plant introductions (Pi's) of C. 
viscosissima (Table 1) and their 51 callus-regenerated plants 
were used in this study. The 51 regenerated plants (R^) were 
the result of an earlier study defining differences in tissue 
culture between accessions (See section I). Seeds of each 
accession were excised from pods, the seed coat and the 
cotyledons were removed, and the immature embryo was divided 
equally into three sections and placed on a sterile, solid 
agar medium containing the inorganic components of Murashige 
and Skoog (1962) (MS) nutritional complex and 2,4-
dichlorophenoxyacetic acid and benzylaminopurine as growth 
regulators. R^ plants regenerated from the resultant calli 
were allowed to self pollinate and R, seeds were harvested. 
Freshly harvested Rj seeds were allowed to dry at room 
temperature. These seeds were then soaked in distilled water 
overnight and the seed coat was removed. Excised seeds were 
placed into germination boxes (140 x 130 x 38 mm) containing 
Anchor Paper germination towels. The boxes were placed on a 
germination shelf at room temperature with a 16 hour-light 
period and watered as needed. After one week the seedlings 
were transplanted into 36 x 21 x 13 cm containers with 
standard greenhouse potting soil (20 % soil: 20 % sand: 30 % 
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peat: 3 0 % perlite) and then placed on a greenhouse "mist 
bench". Seedlings with two to four true leaves were 
transferred to the greenhouse. 
The seedlings (about two-months old) were transplanted to 
the field at two locations. The Ames location was planted on 
June 8, 1991 and the other location at Crawfordsville in 
southeast Iowa, was planted on June 5, 1991. The soil types 
were a taintor loam (fine, montmorillonitic, mesic, tipic 
Argiaguoll) at Crawfordsville and webster clay loam (fine-
loamy, mixed, mesictypic haplaquolls) in Ames. Nitrogen was 
applied at a rate of 123 kg/ha of Urea (45-0-0) in 
Crawfordsville and 69 kg/ha of Urea (46-0-0) in Ames. 
Trifluralin was incorporated in the soil at a rate of 1.75 
liter/ha for weed control prior transplantating at 
Crawfordsville and 8.5 1/ha of benefin was applied at Ames. 
Both locations were hand weeded as necessary. Rain was not 
sufficient and supplemental irrigation was provided at both 
locations. 
The experimental design was a randomized complete block 
with three replications. The plot size was 1.5 m x 2 m 
containing three rows of seven plants each. Plants were 
planted 3 0 cm from each other in the row and 50 cm between the 
rows. Controls consisted of the 15 parents. Combined 
location analyses of variance were computed to evaluate 
differences due to changes from tissue culture. A Rj family 
was considered to be significantly different from its parent 
only when the across location mean was found to be significant 
according to F-tests and Fisher's LSD (Steel and Torrie, 
1980). 
Observations were made to identify any morphological 
differences. The leaf area was determined by AgVision leaf 
area machine, a computerized video system (Decayon Devices, 
Inc. ) . Fully expanded leaves were collected from middle row-
plants. A total of 10 leaves per plot was measured and the 
average was used for the evaluation of the leaf area. Plant 
height was measured from mature, middle row plants. Whole 
plants from the middle row were harvested and placed into a 
bag and air dried at 32 °C. The seeds were threshed, cleaned 
by a clipper-cleaner and by an air blower. Cleaned seeds were 
weighed and seed yield per m* calculated. Random samples of 
100 seeds were weighed to determine 100-seed weight. 
Five-months-old seeds were used from each entry to test 
for seed germination. The seeds were placed in germination 
boxes as described earlier and placed under 16 hour-light 
period. The number of seeds germinated were recorded weekly 
for three weeks. Seed germination was defined as the 
emergence and development from the seed embryo of those 
essential structures which are indicative of the ability to 
produce a normal plant under favorable conditions 
(A.O.S.A.,1988). 
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The percent oil was determined on a random sample of 
seeds from each lot at the National Center for Crop 
Utilization Research, Peoria, Illinois. Oil determinations on 
whole-seed samples were made by using a low resolution pulsed 
NKR, (Bruker Minispec PC 120, 180 mm absolute probehead) as 
reported by Roath et al. (1992). A calibration curve was 
prepared using weighed samples of oil suspended on tissue 
material. The seeds were then measured against the 
calibration curve to determine the amount of oil present. The 
weight of the seed was corrected for moisture and the percent 
of oil determined on a dry basis. Fatty acids of the seed 
were determined by gas-liquid chromatography after 
transesterfication to their methyl esters (Wolf et al., 1983). 
Content of single fatty acids was computed as a percentage of 
the total fatty acids. 
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Table 1: List of plant materials used. 
Accessions f Accessions f 
PI 534735 PI 53 4756 
PI 534735-1 PI 534756-1 
PI 534737 PI 534756-2 
PI 534737-1 PI 534761 
PI 534737-2 PI 534761-1 
PI 534737-5 PI 534761-2 
PI 534738 PI 534761-3 
PI 534738-1 PI 534761-4 
PI 534738-2 PI 534761-5 
PI 534738-3 PI 534761-6 
PI 534738-4 PI 534761-7 
PI 534738-5 PI 534761-8 
PI 534739 PI 534761-10 
PI 534739-1 PI 534761-11 
PI 534740 PI 534762 
PI 534740-1 PI 534762-1 
PI 534741 PI 534763 
PI 534741-1 PI 534763-1 
PI 534744 PI 534764 
PI 534744-1 PI 534764-1 
PI 534753 PI 534764-2 
PI 534753-1 PI 534764-3 
PI 534753-2 PI 534764-4 
PI 534753-3 PI 534764-5 
PI 534753-4 PI 534764-6 
PI 534753-5 PI 534766 
PI 534753-6 PI 534766-1 
PI 534753-7 PI 534766-2 
PI 534753-8 PI 534766-3 
PI 534753-9 PI 534766-4 
PI 534753-10 PI 534766-5 
PI 534754 PI 534766-6 
PI 534754-3 PI 534766-7 
T PI'S listed in bold face are parental lines, those in normal 
type are the Rj families. 
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RESULTS AND DISCUSSION 
Phenotypic variation in generation 
Phenotypic variation was observed among greenhouse-grown 
Cuphea plants regenerated directly from culture, whereas 
control plants grown at the same time were relatively uniform. 
Rq plants had wider leaves and bigger pods. No statistical 
analysis was made with the data from the R^ generation since 
much of the variation could have resulted from physiological 
and/ or hormonal imbalances in the plant during the period of 
growth (Graybosh et al., 1987). 
Field evaluation 
Differences in the responses of the 15 Pi's and their 
respective Rj family's were observed. There was no increase in 
total oil content of R, plants compared to their parents (PI), 
however the PI 534753-8 family had a decrease of 11% in oil 
content compared to its parent (Table 2). Differences in oil 
content of regenerated plants of soybeans have been reported 
by Stephens, et al. (1991). Significant changes in C:12, 
C:10, and C:8 was observed for PI 534735 and its R, family, PI 
534735-1 (Tables 3, 4, and 5). An increase of C;12 from 3.58 
to 5.66 % and of C:8 from 17.03 to 24.08 % and a decrease in 
C:10 from 56.95 to 53.92 % was observed. These changes were 
observed at both locations (Table 6 and Figure 1). No other 
major changes in oil was observed except for C:12 in both PI 
534738-2 and PI 534753-1 families, and C:10 in PI 534737-5, PI 
58 
534738-1, and PI 534738-3 families. 
Variability in yield was significant for only one family: 
PI 534764-3 (Table 7). The variation in yield was not 
correlated with 100 seed-weight at r=-0.18 (P < .05). The 
observed changes in 100-seed weight were very small (Table 8), 
ut significant decreases were observed in six PI 534753 and 
two PI 534751 families. 
Five families: PI 534753-2, PI 534753-4, PI 534753-8, PI 
534753-9, and PI 534753-10 all derived from PI 534753 
expressed significant increase in seed germination (Table 9). 
This may partly result from differences between cultivars in 
their response to tissue culture as observed in wheat, (Sears 
and Deckard, 1982). Low germination rate (an indicator of 
post harvest dormancy, Roath and Widrlechner, 1988) is a 
significant barrier to the establishment of a good stands of 
Cuphea.. Therefore, these families could constitute the base 
population for a recurrent selection program. Progress has 
been made in reducing seed dormancy through recurrent mass 
selection in Cuphea viscosisslms x Cuphea lanceolata hybrid 
populations (Roath, Personnel communication). 
There was little variation in leaf area as only three 
families, PI 534737-2, PI 534738-4, and PI 534756-1 had 
significant increases in leaf area from their parent (Table 
10) . A decrease in leaf area was observed in PI 5347 66-5 and 
PI 534763-1 Rj families but was not significant. 
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Both negative and positive changes in plant height were 
observed. Only PI 534764-5 showed a significant increase 
compared to its parent. However, significant decreases were 
observed in PI 534739-1, PI 534755-2, PI 534761-1, PI 534761-2 
and PI 534761-3 when compared to their respective parents 
(Table 11) . Variation in plant height was reported in Loluim 
multlfloruia L. and L. temulentum L. (Jackson and Dale, 1988) , 
in oat (Dahleen et al., 1991), and in soybean (Stephens et 
al., 1991). 
There were 2 chlorophyll-deficient variants with 
green/yellow leaves among the R, generation. These variants 
were significantly shorter than the average and were all 
derived from selfed R, plants of PI 534761-6. This implies 
that a mutation existed in the original regenerated plant 
which only became apparent in R; generation. The cause of this 
chlorophyll-deficient variant is unknown. The frequency of 
albinism on Lolium multiflorum L. was found to depend on the 
temperature at which cultures were grown (Jackson and Dale, 
1988) . Studies on restriction enzyme digestion patterns in 
albino régénérants from anther cultures of wheat have 
indicated that large regions of the chloroplast genome were 
deleted in those plants (Day and Ellis, 1989). 
The number of Rj families analyzed in this study is too 
small to accurately estimate the frequency of mutational 
events. In studies that have demonstrated somaclonal 
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variation, as reviewed by Larkin and Scowcroft (1981), several 
hundred to several thousand somaclones were analyzed before 
appreciable variation was detected. However, Buiatti et al. 
(1985) observed segregation for genetic changes in 15 of only 
88 somaclones in tomato. 
The production of variants in our study is the first of 
its kind reported in C. viscosissima Jacq. These results 
confirm that certain tissue culture techniques (Freytag et 
al., 1989) may enhance the induction of novel plant formation 
from somatic tissue of Cuphea. Our successful regeneration of 
C. viscosissima plants from tissue culture, reported earlier, 
represents a necessary step for successful transformation with 
genes for future improvement. 
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Table 2: Means of % of oil content of Cuphea. viscosissima 
somaclones and their parental control over two 
locations. 
Accessions T Means over Accessions t Means over 
locations locations 
PI 534735 27.45 PI 534756 30.50 
PI 534735-1 25.24 PI 534756-1 30.17 
PI 534737 29.53 PI 534756-2 28. 88 
PI 534737-1 29.80 PI 534761 30.28 
PI 534737-2 28. 05 PI 534761-1 28.80 
PI 534737-5 28.50 PI 534761-2 30.76 
PI 534738 26.32 PI 534761-3 27.88 
PI 534738-1 28.56 PI 534761-4 28.40 
PI 534738-2 25.70 PI 534761-5 29.90 
PI 534738-3 26.93 PI 534761-6 29.75 
PI 534738-4 25. 48 PI 534761-7 30.98 
PI 534738-5 26. 03 PI 534761-8 28.31 
PI 534739 28.58 PI 534761-10 29.23 
PI 534739-1 28.07 PI 534761-11 31.77 
PI 534740 28.91 PI 534762 26.51 
PI 534740-1 26.32 PI 534762-1 27.37 
PI 534741 29. 24 PI 534763 31.61 
PI 534741-1 27.81 PI 534763-1 31.76 
PI 534744 27. 63 PI 534764 29 .13 
PI 534744-1 28.87 PI 534764-1 28. 95 
PI 534753 30.40 PI 534764-2 26.07 
PI 534753-1 27.05 PI 534764-3 28 .53 
PI 534753-2 30.18 PI 534764-4 29.80 
PI 534753-3 29.28 PI 534764-5 28 .35 
PI 534753-4 28.87 PI 534764-6 28.95 
PI 534753-5 28.13 PI 534766 28 .13 
PI 534753-6 30.63 PI 534766-1 28 .70 
PI 534753-7 29,30 PI 534766-2 30. 00 
PI 534753-8 27.10* PI 534766-3 29.75 
PI 534753-9 29.10 PI 534766-4 28 . 48 
PI 534753-10 27.67 PI 534766-5 29 . 15 
PI 534754 27.25 PI 534766-6 26.40 
PI 534754-3 26.67 PI 534766-7 27 . 42 
* = Greater than the LSD from the control mean at P<.05. 
t: PI'S listed in bold face are parental lines, those in 
normal type are the R, families. 
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Table 3: Means of caprylic acids (C8:0) content of Cuphea 
viscosissima somaclones and their parental control 
over two locations. 
Accessions t Means over Accessions t Means over 
locations locations 
PI 534735 17 . 03 PI 534756 16.73 
PI 534735-1 24.08* PI 534756-1 16 . 78 
PI 534737 18 . 72 PI 534756-2 16 . 48 
PI 534737-1 17.82 PI 534761 15 . 88 
PI 534737-2 17. 66 PI 534761-1 15.75 
PI 534737-5 17.32 PI 534761-2 15.78 
PI 534738 18 . OS PI 534761-3 15 . 88 
PI 534733-1 17.42 PI 534761-4 15.83 
PI 534738-2 18 . 00 PI 534761-5 15 . 80 
PI 534738-3 18 . 13 PI 534761-6 16 .40 
PI 534738-4 17 . 16 PI 534761-7 15. 90 
PI 534738-5 17. 55 PI 534761-8 15 . 78 
PI 534739 15.12 PI 534761-10 16.10 
PI 534739-1 15. 00 PI 534761-11 15. 90 
PI 534740 15. 98 PI 534762 17.30 
PI 534740-1 16.16 PI 534762-1 17.50 
PI 534741 15.75 PI 534763 16.47 
PI 534741-1 15. 08 PI 534763-1 16 . 06 
PI 534744 16. 63 PI 534764 16.15 
PI 534744-1 16.47 PI 534764-1 15. 93 
PI 534753 16.82 PI 534764-2 14.95 
PI 534753-1 16. 90 PI 534764-3 15.85 
PI 534753-2 16.72 PI 534764-4 15.52 
PI 534753-3 16. 25 PI 534764-5 15.27 
PI 534753-4 17.20 PI 534764—6 15.97 
PI 534753-5 16. 22 PI 534766 15. 97 
PI 534753-6 16. 80 PI 534766-1 15 . 82 
PI 534753-7 16.37 PI 534766-2 15 . 88 
PI 534753-8 16.52 PI 534766-3 16 .35 
PI 534753-9 16. 10 PI 534766-4 15 . 60 
PI 534753-10 16.40 PI 534766-5 15.70 
PI 534754 17.43 PI 534766-6 15.47 
PI 534754-3 17.68 PI 534766-7 15 .38 
* = Greater than the LSD from the control mean at P<.05. 
t: Pi's listed in bold face are parental lines, those in 
normal type are the R, families. 
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Table 4: Means for capric acids (C1Q:0) content of Cuphea 
viscosisslma somaclones and their parental control 
over two locations. 
Accessions t Means over Accessions t Means over 
locations locations 
PI 534735 66. 95 PI 534756 69 .82 
PI 534735-1 53 . 42* PI 534756-1 69.85 
PI 534737 66. 68 PI 534756-2 69.93 
PI 534737-1 57 .16 PI 534761 71.33 
PI 534737-2 67 .32 PI 534761-1 71.42 
PI 534737-5 60.00* PI 534761-2 71.57 
PI 534738 67 . 02 PI 534761-3 71.80 
PI 534738-1 68 .28* PI 534761-4 70.88 
PI 534738-2 66.40 PI 534761-5 71.78 
PI 534738-3 68.27* PI 534761-6 72.13 
PI 534738-4 67.25 PI 534761-7 71.43 
PI 534738-5 67.75 PI 534761-8 70.78 
PI 534739 70.02 PI 534761-10 71.68 
PI 534739-1 70 .70 PI 534761-11 71.83 
PI 534740 68.63 PI 534762 68.87 
PI 534740-1 68 .50 PI 534762-1 68 . 82 
PI 534741 69.95 PI 534763 69.88 
PI 534741-1 69 . 63 PI 534763-1 70.32 
PI 534744 69 . 67 PI 534764 70.17 
PI 534744-1 70. 07 PI 534764-1 70.52 
PI 534753 68 . 37 PI 534764-2 70.15 
PI 534753-1 66.48 PI 534764-3 70.87 
PI 534753-2 68 . 62 PI 534764-4 70. 47 
PI 534753-3 68 . 35 PI 534764-5 69.42 
PI 534753-4 68 . 62 PI 534764-6 7 0.43 
PI 534753-5 68.57 PI 534766 70.00 
PI 534753-6 68 . 28 PI 534766-1 69.92 
PI 534753-7 68 . 53 PI 534766-2 70.58 
PI 534753-8 68.40 PI 534766-3 70.87 
PI 534753-9 68.27 PI 534766-4 70.43 
PI 534753-10 68.50 PI 5347 66-5 70.85 
PI 534754 68. 90 PI 534766—6 70. 60 
PI 534754-3 69 . 22 PI 534766-7 70.50 
* = Greater than the LSD from the control mean at P<.05. 
t :  PI' S  listed in bold face are parental lines, those in 
normal type are the R, families. 
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Table 5: Means for lauric acids (C12:0) content of Cuphea 
viscosissima somaclones and their parental control 
over two locations. 
Accessions r Means over Accessions t Means over 
locations locations 
PI 534735 3.58 PI 534756 2.73 
PI 534735-1 5 .66* PI 534756-1 2 . 77 
PI 534737 3 .25 PI 534756-2 2 . 77 
PI 534737-1 3.38 PI 534761 2 . 50 
PI 534737-2 3 .16 PI 534761-1 2 .35 
PI 534737-5 3.20 PI 534761-2 2 . 35 
PI 534738 3 .10 PI 534761-3 2.45 
PI 534738-1 3 . 05 PI 534761-4 2 . 48 
PI 534733-2 3.36* PI 534761-5 2 .38 
PI 534738-3 2.85 PI 534761-6 2 . 38 
PI 534738-4 3 . 13 PI 534761-7 2 .40 
PI 534738-5 3 . 02 PI 534761-8 2 .50 
PI 534739 2.72 PI 534761-10 2.40 
PI 534739-1 2 . 67 PI 534761-11 2 .40 
PI 534740 3.02 PI 534762 2 . 78 
PI 534740-1 3 .00 PI 534762-1 2.92 
PI 534741 2.80 PI 534763 2 . 72 
PI 534741-1 2 . 87 PI 534763-1 2 .70 
PI 534744 2 . 67 PI 534764 2 . 78 
PI 534744-1 2 . 67 PI 534764-1 2.73 
PI 534753 3 . 05 PI 534764-2 2 .83 
PI 534753-1 3.33* PI 534764-3 2.68 
PI 534753-2 2.97 PI 534764-4 2 . 75 
PI 534753-3 2.98 PI 534764-5 2.88 
PI 534753-4 3 . 00 PI 534764-6 2.80 
PI 534753-5 2 . 95 PI 534 76 5 2.75 
PI 534753-6 3.02 PI 534766-1 2.86 
PI 534753-7 2.83 PI 534766-2 2 . 52 
PI 534753-8 2 .96 PI 534766-3 2 . 42 
PI 534753-9 3 . 03 PI 534766-4 2 . 65 
PI 534753-10 2.83 PI 534766-5 2.62 
PI 534754 3 . 00 PI 53 47 66 — 6 2 . 58 
PI 534754-3 2.93 PI 534766-7 2 . 60 
* = Greater than the LSD from the control mean at P<.05. 
t: PI'S listed in bold face are parental lines, those in 
normal type are the R, families. 
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Figure 1: Oil composition oE PI 534735 and its R1 progeny PI 534735-1 
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Table 6: Oil composition of Cuphea viscosissima somaclone 
PI 534735-1 and its parent at two Iowa locations in 
1991. 
Ames Crawforsdville Means 
% oil (P) 29.43 25.47 27.43 
% oil (RJ 28. 57 20.25 24.41 NS 
C:S (P) 17.3 3 15.73 16. 53 
C:8 (RJ 23 .26 25 . 30 24.28 * 
C:10 (P) 66 . 03 67 . 87 66. 95 
o
 
H
 
o
 
53 . 77 52 . 90 53.35 * 
C:12 (P) 4 . 10 2.86 3 . 48 
C:12 (R,) 6. 03 5. 10 5.56* 
P=Parent 
Ri= Rj generation 
NS= Not significant at P < .05 
* = Significantly different from the control mean at P < .05. 
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Table 7: Means for seed yield in g per m-of Cuphea. 
viscosissima somaclones and their parental control 
over two locations. 
Accessions t Means over 
locations 
Accessions t Means over 
locations 
PI 534735 5.5 PI 534756 6.6 
PI 534735-1 4.0 PI 534756-1 11.1 
PI 534737 8.4 PI 534756-2 10.4 
PI 534737-1 8.1 PI 534761 9.4 
PI 534737-2 7 .1 PI 534761-1 9.2 
PI 534737-5 7.9 PI 534761-2 7 .8 
PI 534738 7.3 PI 534761-3 10 .1 
PI 534738-1 6.9 PI 534761-4 11.9 
PI 534738-2 8.1 PI 534761-5 10.7 
PI 534733-3 9 . 3 PI 534761-6 8.8 
PI 534738-4 4.4 PI 534761-7 9.5 
PI 534738-5 7 . 5 PI 534761-8 7.5 
PI 534739 6.1 PI 534761-10 7 .5 
PI 534739-1 7.3 PI 534761-11 7.4 
PI 534740 9.4 PI 534762 6.1 
PI 534740-1 10.5 PI 534762-1 6 . 8 
PI 534741 9.4 PI 534763 6.3 
PI 534741-1 6 . 5 PI 534763-1 9.0 
PI 534744 9. 0 PI 534764 6.9 
PI 534744-1 8.4 PI 534764-1 5 . 9 
PI 534753 3 . 3 PI 534764-2 7.9 
PI 534753-1 5.4 PI 534764-3 13 .4* 
PI 534753-2 4 . 6 PI 534764-4 10.8 
PI 534753-3 5.8 PI 534764-5 8 .1 
PI 534753-4 4 . 0 PI 534764-6 7.7 
PI 534753-5 5.1 PI 534766 5.8 
PI 534753-5 3 . 7 PI 534766-1 3.4 
PI 534753-7 4.7 PI 534766-2 4 .1 
PI 534753-8 4 . 1 PI 534766-3 4.4 
PI 534753-9 6 . 0 PI 534766-4 5.2 
PI 534753-10 3.6 PI 534766-5 6.2 
PI 534754 10. 0 PI 534766-6 3 .1 
PI 534754-3 10.7 PI 534766-7 5.3 
* - Greater than the LSD from 
f: PI'S listed in bold face ai 
normal type are the R, families. 
the control mean at P<.05. 
•e parental lines, those in 
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Table 8: Means for 100-seed weight in g of Cuphea 
viscosissima somaclones and their parental control 
over two locations. 
Accessions v Means over Accessions T Means over 
locations locations 
PI 534735 0 . 22 PI 534756 0.26 
PI 534735-1 0.22 PI 534756-1 0.24 
PI 534737 0.24 PI 534756-2 0.25 
PI 534737-1 0.25 PI 534761 0.23 
PI 534737-2 0.26 PI 534761-1 0.22 
PI 534737-5 0.24 PI 534761-2 0 . 22 
PI 534738 0.23 PI 534761-3 0 .20* 
PI 534733-1 0.24 PI 534761-4 0.22 
PI 534738-2 0.22 PI 534761-5 0.23 
PI 534738-3 0.23 PI 534761-6 0.22 
PI 534738-4 0 .24 PI 534761-7 0.23 
PI 534738-5 0.23 PI 534761-8 0 .20* 
PI 534739 0.22 PI 534761-10 0.24 
PI 534739-1 0 .20 PI 534761-11 0 .23 
PI 534740 0.26 PI 534762 0.20 
PI 534740-1 0.24 PI 534762-1 0.21 
PI 534741 0.23 PI 534763 0.23 
PI 534741-1 0.23 PI 534763-1 0.21 
PI 534744 0.24 PI 534764 0.22 
PI 534744-1 0 .24 PI 534764-1 0.23 
PI 534753 0.24 PI 534764-2 0.22 
PI 534753-1 0 .20* PI 534764-3 0.22 
PI 534753-2 0.23 PI 534764-4 0.24 
PI 534753-3 0.20* PI 534764-5 0.22 
PI 534753-4 0 .23 PI 534764-6 0.22 
PI 534753-5 0 . 20* PI 534766 0.22 
PI 534753-6 0.22 PI 534766-1 0.21 
PI 534753-7 0.22 PI 534766-2 0.22 
PI 534753-8 0.21* PI 534766-3 0.23 
PI 534753-9 0.21* PI 534766-4 0.22 
PI 534753-10 0 .21* PI 534766-5 0.22 
PI 534754 0.22 PI 534766-6 0.20 
PI 534754-3 0.21 PI 534766-7 0.20 
* = Greater than the LSD from the control mean at P<.05. 
t: PI' S  listed in bold face are parental lines, those in 
normal type are the R; families. 
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Table 9: Means for percent of seed germination of Cuphea 
vlscoslssima somaclones and their parental control 
over two locations. 
Accessions t Means cross Accessions t Means cross 
locations locations 
PI 534735 8 . 0 PI 534756 6 . 0 
PI 534735-1 6.4 PI 534756-1 4.7 
PI 534737 4.7 PI 534756-2 1.8 
PI 534737-1 4.4 PI 534761 13 . 3 
PI 534737-2 4.2 PI 534761-1 14.8 
PI 534737-5 4 . 5 PI 534761-2 10 . 5 
PI 53 4738 2 . 0 PI 534761-3 16.0 
PI 534738-1 G.8 PI 534761-4 14.3 
PI 534738-2 2 . 0 PI 534761-5 15.2 
PI 534738-3 6.7 PI 534761-6 9.3 
PI 534738-4 3.8 PI 534761-7 12 . 5 
PI 534738-5 5.5 PI 534761-8 13 . 2 
PI 534739 3 . 6 PI 534761-10 13 . 0 
PI 534739-1 2.3 PI 534761-11 11. 0 
PI 534740 4 . 3 PI 534762 9 . 2 
PI 534740-1 6 . 2 PI 534762-1 7 . 0 
PI 534741 9.5 PI 534763 1.8 
PI 534741-1 6 . 7 PI 534763-1 3 . 2 
PI 534744 4.8 PI 534754 6.8 
PI 534744-1 6.5 PI 534764-1 5.2 
PI 534753 8.0 PI 534764-2 3 . 0 
PI 534753-1 8.8 PI 534764-3 3.7 
PI 534753-2 16.0* PI 534764-4 2.0 
PI 534753-3 13 . 0 PI 534764-5 6.5 
PI 534753-4 16.7* PI 534764-6 4.0 
PI 534753-5 10. 3 PI 534766 12 . 3 
PI 534753-6 10. 8 PI 534765-1 10.4 
PI 534753-7 12.7 PI 534766-2 9.4 
PI 534753-8 18 .8* PI 534766-3 8 . 2 
PI 534753-9 15.5* PI 534766-4 10 . 3 
PI 534753-10 17.3* PI 534766-5 14.5 
PI 534754 7.7 PI 534766-6 12 . 7 
PI 534754-3 13.5 PI 534766-7 6 . 8 
* = Greater than the LSD from the control mean at P<.05. 
t: PI'S listed in bold face are parental lines, those in 
normal type are the R, families. 
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Table 10: Means for leaf area in cin- of Cuphea viscosissima 
somaclones and their parental control ever two 
locations. 
Accessions t Mean cross Accessions t Means cross 
locations locations 
PI 534735 2.55 PI 534756 2.74 
PI 534735-1 2 .85 PI 534756-1 3.28* 
PI 534737 1.96 PI 534756-2 2 .81 
PI 534737-1 2 .37 PI 534761 2 . 42 
PI 534737-2 2 .58* PI 534761-1 2.38 
PI 534737-5 2 .37 PI 534761-2 2.89 
PI 534738 2 .46 PI 534761-3 2.70 
PI 534738-1 2.34 PI 534761-4 2 .89 
PI 534738-2 2 .44 PI 534761-5 2.41 
PI 534738-3 2.77 PI 534761-6 2.33 
PI 534738-4 3 .18* PI 534761-7 2 . 60 
PI 534738-5 2 .55 PI 534761-8 2 .50 
PI 534739 2.23 PI 534761-10 2 .53 
PI 534739-1 2 .36 PI 534761-11 2 . 66 
PI 534740 2 .65 PI 534762 2 .26 
PI 534740-1 2 . 67 PI 534762-1 2.40 
PI 534741 2 .40 PI 534763 3 . 07 
PI 534741-1 2.27 PI 534763-1 2.69 
PI 534744 2 .26 PI 534764 2 .55 
PI 534744-1 2 . 03 PI 534764-1 2.48 
PI 534753 2.55 PI 534764-2 2 .81 
PI 534753-1 2.86 PI 534764-3 2.80 
PI 534753-2 2 .53 PI 534764-4 2 . 95 
PI 534753-3 2 .83 PI 534764-5 2.44 
PI 534753-4 2 .41 PI 534764-6 2 .45 
PI 534753-5 2 . 69 PI 534766 3.29 
PI 534753-6 2 . 79 PI 534766-1 3 . 12 
PI 534753-7 3 .00 PI 534766-2 2.96 
PI 534753-8 2.58 PI 534766-3 3 . 55 
PI 534753-9 2 .85 PI 534766-4 3 . 34 
PI 534753-102.60 PI 534766-5 2 .81 
PI 534754 2 . 92 PI 534766—6 3 . 14 
PI 534754-3 2 . 62 PI 534766-7 3 . 02 
* = Greater than the LSD from the control mean at P<.05. 
t: PI'S listed in bold face are parental lines, those in 
normal type are the R; families. 
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Table 11: Means for plant height in cm of Cuphea viscosissima 
somaclones and their parental control over two 
locations. 
Accessions t Means over Accessions t Means over 
locations locations 
PI 534735 70. 9 PI 534756 70. 6 
PI 534735-1 72 . 0 PI 534756-1 68 . 3 
PI 534737 61.5 PI 534756-2 59 . 4* 
PI 534737-1 65. 1 PI 53 4761 64 . 7 
PI 534737-2 62.6 PI 534761-1 52 . 0* 
PI 534737-5 65.4 PI 534761-2 56. 9* 
PI 534738 69.4 PI 534761-3 55 . 4* 
PI 534738-1 65.7 PI 534761-4 60.0 
PI 534738-2 70.0 PI 534761-5 66 . 3 
PI 534738-3 70.1 PI 534761-6 64 . 6 
PI 534738-4 64 . 6 PI 534761-7 59 . 1 
PI 534738-5 68.3 PI 534761-8 6 0.6 
PI 534739 70.1 PI 534761-10 66.2 
PI 534739-1 61.4* PI 534761-11 65. 4 
PI 534740 68 . 0 PI 534762 65.8 
PI 534740-1 69 . 0 PI 534762-1 64 . 5 
PI 534741 65.2 PI 534763 64 . 6 
PI 534741-1 69.7 PI 534763-1 65. 0 
PI 534744 58.4 PI 534764 56. 5 
PI 534744-1 58.5 PI 534764-1 56. 9 
PI 534753 68 .1 PI 534764-2 58 . 7 
PI 534753-1 69.9 PI 534764-3 57.7 
PI 534753-2 63 . 5 PI 534764-4 59 . 8 
PI 534753-3 68.4 PI 534764-5 64 .4* 
PI 534753-4 59.8 PI 53 47 64 — 6 61.4 
PI 534753-5 68.7 PI 534766 65.1 
PI 534753-6 70.5 PI 534766-1 63 . 0 
PI 534753-7 64.8 PI 534766-2 62 . 7 
PI 534753-8 65.2 PI 534766-3 64 . 0 
PI 534753-9 66.9 PI 534766-4 59 . 3 
PI 534753-1056.4 PI 534766-5 61. 3 
PI 534754 63 . 6 PI 534766-6 67 . 0 
PI 534754-3 66.6 PI 534766-7 61. 0 
* = Greater than the LSD from the control mean at P<.05. 
t: Pi's listed in bold face are parental lines, those in 
normal type are the R, families. 
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GENERAL SUMMARY 
Researchs interest in Cuphea has increased since the early 
1980's (Thompson 1984, Hirsinger 1985) because certain Cuphea 
species are a potential source of medium chain-length fatty 
acids (MCFA). Cuphea seed lipids are unique for the diversity 
of the fatty acids produced, and for the production of MCFA's. 
Economical production of MCFA from Cuphea is impeded by the 
wild state of these species. Constraints to domestication 
have been seed dormancy, seed shattering, and indeterminant 
flowering habit ( Graham , 1989; Hirsinger, 1980; Thompson, 
1984). There was no previous research involving somaclonal 
variation in C. viscosissima. Therefore, studies involving 
somaclonal variation in Cuphea could provide geneticists and 
plant breeders with information relative to the application of 
tissue-culture induced mutations in breeding programs designed 
to improve C. viscosissima. 
The objectives of this study were to generate somaclonal 
genetic variability in C. viscosissima germplasm through 
tissue culture by: 
- Establishing a tissue culture regeneration system. 
- Evaluating regenerated material for useful traits. 
Thirty-two accessions collected from the central U. S. 
were analyzed for differences in callus growth and ability to 
regenerate plantlets. Immature embryos 12-14 days old were 
divided in three parts and incubated in MS medium containing 1 
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mg/L BA and Img/L of 2,4-D then incubated under dark 
conditions for 21 days. After the first period of culture, 
calli were transferred into fresh medium containing 0.5 mg/L 
of BA and no 2, 4-D for shoot regeneration. Root initiation 
took place in a hormone free medium. Variability was observed 
among accessions for callus weight and plantlet regeneration. 
Among the 32 accessions evaluated, nine Pi's did not produce 
shoots. There was no correlation between callus weight and 
shoot initiation, however there was high correlation between 
the number of calli that produced shoots and number of shoots 
produced. This study has confirmed the previously reported 
success in regeneration of completely fertile plants and in 
addition, these results demonstrated the importance of 
genotype for successful in vitro regeneration, and that only 
the epicotyl is genetically capable of forming shoots in 
vitro. These data suggest that genetic manipulation through 
breeding programs may improve the regeneration frequency of 
the regenerable accessions. 
A total of 15 donor plant introductions of C. viscosissima 
and their 51 calli regenerated plants were used in part II of 
this study. Seedlings (about two-months old) were 
transplanted to the field at two locations: Ames and 
Crawfordsville, lA. The experimental design was a randomized 
complete block with three replications. Combined analyses of 
variances were computed to evaluate differences due to tissue 
culture. Observations were made for leaf area, plant height, 
100-seed weight, seed yield , seed germination, total oil 
content, and fatty acid composition (C:8, C:10, and C:12). 
Variability was observed for all traits except for total oil 
content. R, families had significant variation (P > 0.05) from 
their parents for yield, percent seed germination, leaf area, 
plant height, and lauric and caprylic acid. 
The production of somaclonal variants in our study is the 
first of its kind reported in C. viscisissima. These results 
confirm that certain tissue culture techniques may be used to 
enhance the induction of novel plant formation from somatic 
tissue of Cuphea. Regeneration of C. viscosissima plants is a 
necessary step in successful transformation to introduce genes 
necessary for future improvement. 
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Table Al: Media used for embryo culture of Cuphea 
viscoslssima. Jaca. 
Nutrient mg/liter 
Nitrate 
NH.NO5 165 0 
KNO3 1900 
Sulfate 
MgSO-.TH^O 3 70 
MnSO.. 4H2O 2 2.3 
ZnSO^. 4H2O 8.2 6 
CuSO;. SHoO 0.025 
Halide 
CaCl2.2H;0 440 
KI 0.83 
CoCl;. 6H2O 0.025 
PB Mo 
KH^PO, 17 0 
H3BO3 6. 2 
Na.MoO.. 2H2O 0.2 5 
NaFeEDTA 
FeSO.. 7H2O 27.8 
Na,. EDTA 3 7.3 
Organic 
Thiamine HCl 0.1 
Pyridoxine HCl 0.5 
Myo-inositol 100 
Nicotinic-acid 0.5 
Glycine 2 
Casein Hydrolysate 1 
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Table A2: Analysis of variance for callus growth after 21 days 
of culture. 
Source df Mean square F Pr > F 
Replications 3 0.00301 23.97 0.0001 
Accessions 31 0.00012 0.98 0,5123 
Error 93 0.00013 
9 1  
Table A3: Analysis of variance for callus growth after 42 days 
of culture. 
Source df Mean square F Pr > F 
Replications 3 0.02574 10.77 0.0001 
Accessions 31 0.01129 4.73 0.0001 
Error 93 0.00239 
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Table A4: Mean callus weight after 42 days of culture. 
Accession Mean • weight in g 
PI 534741 0.275 a 
PI 534911 0.223 ab 
PI 534757 0 .212 abc 
PI 534756 0.211 abc 
PI 534752 0 . 183 abed 
PI 534766 0.181 bed 
PI 534758 0. 179 bcde 
PI 534745 0.168 bcdef 
PI 534744 0. 158 bcdefg 
PI 534754 0.157 bcdefg 
PI 534771 0. 153 cdefgh 
PI 534749 0. 150 cdefgh 
PI 534764 0 . 148 cdefgh 
PI 534755 0. 147 cdefgh 
PI 534740 0.133 defghi 
PI 534742 0.131 defghi 
PI 534743 0 . 128 defghi 
PI 534737 0.123 defghij 
PI 534746 0. 120 defghij 
PI 534730 0 . 116 defghij 
PI 534752 0. Ill efghijk 
PI 534753 0. 101 fghijk 
PI 534751 0 . 100 ghi jk 
PI 534736 0. 095 ghijk 
PI 534738 0. 095 ghijk 
PI 534735 0. 095 ghijk 
PI 534761 0. 087 hijk 
PI 534763 0. 085 hi jk 
PI 534739 0. 074 ijk 
PI 534734 0. 060 jk 
PI 534768 0. 045 k 
PI 534770 0 . 045 k 
Means followed by the letter are not significant from each 
other at the probability level of 0.05. 
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Table AS: Analysis of variance for the response of the 
different parts of the embryo to tissue culture. 
Source df Mean Squares F Pr > F 
Replications 3 0.0005 2.39 0.1675 
Treatments 2 0.0014 4.19 0.0728 
Error 6 0.0002 
Table A6: Summary of data related to callus and shoot 
regeneration by the different accessions used in 
paper 1. 
Accessions total Total Percent of Meam 
number of number of call! number of 
shoots callus produced shoots per 
produced shoots callus 
shoots 
PI 534730 0 0 0 0 
PI 534734 6 2 3 . 3 3 . 0 
PI 534735 2 1 1.6 1. 0 
PI 534736 52 8 13 . 3 6.5 
PI 534737 20 6 10. 0 3 . 3 
PI 534738 43 11 18.3 3 . 9 
PI 534739 7 2 3 . 3 3 . 5 
PI 534740 16 4 6 . 6 4 
PI 534741 5 2 3 . 3 2 . 5 
PI 534742 1 1 1.6 1.0 
PI 534743 0 0 0 0 
PI 534744 8 1 1.6 8 . 0 
PI 534745 0 0 0 0 
PI 534746 8 3 5 . 0 2 . 6 
PI 534749 3 1 1. 6 3 . 0 
PI 534751 6 2 3 . 3 3 . 0 
PI 534752 1 1 1.6 1. 0 
PI 534753 32 5 8 . 3 6.4 
PI 534754 24 4 6 . 6 6.0 
PI 534755 0 0 0 0 
PI 534756 40 6 10.0 6.6 
PI 534757 2 2 3 . 3 1.0 
PI 534758 0 0 0 0 
PI 534761 40 11 18.3 3 . 6 
PI 534762 19 4 6 . 6 4.7 
PI 534763 15 3 5.0 5.0 
PI 534764 27 4 6.6 6.7 
PI 534766 58 13 21.6 4 . 4 
PI 534768 0 0 0 0 
PI 534770 0 0 0 0 
PI 534771 0 0 0 0 
PI 534911 0 0 0 0 
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Table A7: Analysis of variance for % of Oil content over two 
locations. 
Source DP Mean square F value Pr>F 
Locations 1 1119.04 151.97 0.0001 
Rep (Loc) 4 153.27 20.82 0.0001 
Generations 1 1.70 0.23 0.6314 
Accessions(GEN) 64 13.57 1. 84 0.0004 
Error 305 7.36 
Table A8: Analys 
conten 
is of 
t over 
variance for 
two locations 
caprilic acids (C8:0) 
Source OF Mean square F value Pr>F 
Locations 1 8.0545 12 .20 0.0005 
Rep (Loc) 4 5.0503 7. 65 0.0001 
Generations 1 4.5217 6.85 0.0093 
Accessions(GEN) 64 8.3604 12 . 66 0.0001 
Error 305 0.6602 
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Table A9 : Analysis of variance for capric acid (C10:0) 
content over two locations. 
Source DF Mean square F value Pr>F 
Locations 1 56.3795 64 .15 0.0001 
Rep (Loc) 4 10.6064 11.96 0.0001 
Generations 1 2 . 9759 3 .36 0.0679 
Accessions(GEN) 64 32.8511 37 . 05 0.0001 
Error 305 0.3867 
Table AlO; Analysis of variance for lauric 
content over two locations. 
acid (C12:0 
Source DF Mean square F value Pr>F 
Locations 1 13 . 3466 335.99 0.0001 
Rep (Loc) 4 0.3396 8 . 55 0.0001 
Generations 1 0 .2132 5.37 0.0212 
Accessions(GEN) 64 1.0293 25. 91 0.0001 
Error 305 0. 0397 
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Table All: Analysi 
III" over 
S of variance 
two locations 
for seed yield in g per 
Source DF Mean square F value Pr>F 
Locations i_ 5199.9904 317.50 0.0001 
Rep (Loc) 4 221.0264 13.50 0.0001 
Generations 1 5.6439 0.34 0.5576 
Accessions(GEN) 54 32.7046 2 .00 0.0001 
Error 305 16.3773 
Table A12: Analysis of variance 
over two locations. 
for 100-seed weight in n 
Source DF Mean square F value Pr>F 
Locations 1 0.0043 8.85 0.0032 
Rep (Loc) 4 0.0151 30.84 0.0001 
Generations 1 0.U039 7.97 0.0051 
Accessions(GEN) 64 0.0013 2.74 0.0001 
Error 305 0.0005 
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Table A13; 
Source 
Analysis of variance for % of seed germination 
over two locations. 
D? Mean scuare F value Pr>F 
Locations 
Rep (LOG) 
Generations 
Accessions(GEN) 
Error 
64 
305 
179.3188 
882.2261 
295.5514 
111.5640 
40.3676 
4 . 44 
21.85 
7.32 
2.76 
0.0359 
0.0001 
0 .0072 
0.0001 
Table A14: 
Source 
Analysis of variance for leaf area in cm- over 
two locations. 
DF Mean square 
31.0400 
0.7696 
1.2686 
0.5893 
0.1775 
F value Pr>F 
Locations 
Rep (Loc) 
Generations 
Accessions(GEN) 
Error 
1 
4 
1 
64 
305 
174.83 
4 .33 
7 . 15 
3.32 
0 .0001 
0  .  0 0 2 0  
0.0079 
0.0001 
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Table A15; 
Source 
Analysis of variance for plant height in cm 
over two locations. 
DF Mean sauare F value Pr>i 
Locations 1 
Rep (Loc) 4 
Generations 1 
Accessions(GEN) 64 
Error 3 05 
39466.4216 
1351.1849 
295.4225 
121.0971 
43.4773 
907.75 
31. 08 
6.79 
2.79 
0.0001 
0.0001 
0.0096 
0.0001 
Table A16: Means oil and fatty acids content of Cuphea 
viscosisslma somaclones at Ames. 
Accessions t C: 8 C: 10 C: 12 % Oil 
PI 534735 17 .33 66. 03 4 .10 29 .43 
PI 534735-1 23 .27 53 .77 6 . 03 28 . 57 
PI 534737 18 .90 67 .16 3 .30 30. 67 
PI 534737-1 17.30 67.37 3 .50 30.77 
PI 534737-2 17 .80 67.75 3.25 28.95 
PI 534737-5 16 .70 68.30 3 .23 30.67 
PI 534738 17 .50 66.95 3 .35 28.70 
PI 534738-1 16 . 97 69.17 3 .23 29. 67 
PI 534738-2 17 . 63 66.20 3 . 67 27.90 
PI 534738-3 18 . 10 68 .53 2.97 29.03 
PI 534738-4 16. 97 67 .77 3 .40 28.90 
PI 534738-5 17 .43 68.27 3.20 28 . 13 
PI 534739 15.70 70 .30 3 . 05 30. 15 
PI 534739-1 14 .80 71.00 2 .87 28 . 67 
PI 534740 16. 37 69 .57 3 . 17 31.23 
PI 534740-1 16.40 68.75 3 .30 28. 65 
PI 534741 15.47 70 .23 2.97 29.87 
PI 534741-1 14.83 70 .10 3 . 10 30.23 
PI 534744 16.47 70 .57 2 . 70 31.47 
PI 534744-1 16.33 70.40 2.87 29.83 
PI 534753 16.93 68.60 3 . 27 31.23 
PI 534753-1 17.20 66.40 3.63 28 . 37 
PI 534753-2 16. 83 68.97 3 . 03 30.80 
PI 534753-3 16. 00 68 . 67 3 . 23 30.80 
PI 534753-4 17.07 68 . 13 3 . 27 30. 27 
PI 534753-5 16. 40 68 . 70 3 . 13 29.83 
PI 534753-6 16.23 68 .06 3 . 30 30.67 
PI 534753-7 16.30 69 . 20 3 . 03 30 . 53 
PI 534753-8 15. 90 68 . 85 3 . 20 30. 10 
PI 534753-9 16. 37 68 . 70 3 . 20 31.43 
PI 534753-10 16.00 68 . 80 3 . 10 31.50 
PI 534754 17.77 70. 03 3 . 17 30.73 
PI 534754-3 17.90 69. 50 3 . 13 29. 03 
PI 534756 16.50 70.33 2 . 97 32.27 
PI 534756-1 16 .10 69. 73 3 . 10 31.60 
PI 534756-2 16.20 70. 53 2 . 93 31.47 
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Accessions t C:8 C:10 C:12 % Oil 
PI 534761 15.87 71.70 2 . 63 30.50 
PI 534761-1 15.43 72 . 17 2.43 30.83 
PI 534761-2 16. 00 71.90 2.43 31.27 
PI 534761-3 15.47 72 . 03 2 . 60 28.70 
PI 634761-4 15.67 71.77 2 . 57 30.20 
PI 534761-5 16. 00 72 . 63 2.40 31.13 
PI 534761-6 16,23 72.23 2 .50 31.60 
PI 534761-7 15. 63 72 .20 2.50 31.67 
PI 534761-8 15.67 71.90 2.50 30.97 
PI 534761-10 16. 10 72 . 07 2 .50 31. 03 
PI 534761-11 15.67 72.47 2.50 33.73 
PI 534762 17.37 69 . 10 2.97 28.60 
PI 534762-1 17 . 20 68.73 3.23 30.00 
PI 534763 16.46 70.40 2.90 33.40 
PI 534763-1 16.10 70.25 3 . 00 32. 05 
PI 534764 15.60 70.53 2.97 30.73 
PI 534764-1 15 . 97 70.97 2 .87 31.30 
PI 534764-2 14 . 53 71. 13 3 . 03 29.57 
PI 534764-3 15.23 71.30 2.90 31. 17 
PI 534764-4 14 .37 70.70 3.00 31. 07 
PI 534764-5 15.40 70.13 3 . 10 30.50 
PI 534764-6 15.50 70.80 2.97 30.50 
PI 534766 16.27 69 . 87 3 . 07 30.20 
PI 534766-1 15.70 69 .80 3 . 10 29.37 
PI 534766-2 15.80 70.95 2.75 30.40 
PI 534766-3 16.10 71.00 2 . 60 30.10 
PI 534766-4 15.90 71.23 2.83 31. 10 
PI 534766-5 15.43 71. 53 2.80 31.17 
PI 534766-6 15.33 71.40 2.73 25.67 
PI 534766-7 15. 05 71.25 2 .80 29.25 
T :  P I ' S  listed in bold face are parental lines, those in 
normal type are the Rj families. 
Table A17 : Means for agronomic traits of Cuphea 
viscosissima somaclones at Ames location. 
Accessions t 100 Sd Seed % seed Leaf Plant 
weight yield g germ. area in height 
in g cm* in cm 
PI 534735 0.23 9.26 7.33 2.75 86.88 
PI 534735 -1 0.23 5.70 8. 00 3 .20 85.43 
PI 534737 0.24 12 . 44 6. 00 2.12 69.59 
PI 534737 -1 0.24 10. 66 4. 00 2 .49 73.46 
PI 534737 -2 0.23 11. 11 5. 00 2.82 76.11 
PI 534737 -5 0.26 7.56 4 . 00 2.38 71.72 
PI 534738 0.21 10.54 4 . 00 2 . 33 31. 15 
PI 534738 0.23 10. 06 4 . 67 2.64 78. 52 
PI 534738 -2 0.23 10. 65 2 .67 2 . 57 81.81 
PI 534738 -3 0.23 13 .51 8.00 2.84 82.58 
PI 534738 -4 0.24 6 . 47 4 .00 3.43 78.03 
PI 534738 — 5 0.22 9 . 77 8 .00 2 . 54 79.81 
PI 534739 0.21 10.58 2 .00 2 . 54 82 . 99 
PI 534739 -1 0.19 11.81 1.33 2.54 74.68 
PI 534740 0 .25 15 . 62 4 . 00 2.82 76.86 
PI 534740 -1 0.24 17.85 H
 
O
 
o
 
2 .76 80.96 
PI 534741 0 .21 14 . 20 12 . 67 2.46 74.87 
PI 534741 -1 0.23 10.96 4 . 00 2 .32 80.90 
PI 534744 0.23 11.25 5.33 2 .32 66.29 
PI 534744--1 0.23 13.51 8 .00 2.05 66.69 
PI 534753 0.23 4 .56 9.33 2 . 57 77.73 
PI 534753--1 0. 19 7 . 42 8.00 3 . 08 83 .53 
PI 534753--2 0.22 6 . 97 16.00 2.69 72.24 
PI 534753--3 0.20 9 .18 16. 00 2.26 79. 09 
PI 534753--4 0. 22 4.83 17.33 2.71 74.89 
PI 534753--5 0.20 7.87 10.00 2.74 78.44 
PI 534753--6 0.21 5.88 11. 33 2 . 61 79.76 
PI 534753--7 0.22 7 . 13 16 . 67 3.21 73.10 
PI 534753--8 0.21 6.35 32. 00 2 . 98 80.87 
PI 534753--9 0. 20 9. 56 20.66 2 .91 83 . 64 
PI 534753--10 0.21 5.73 28.00 2 . 85 63 . 66 
PI 534754 0.25 13.48 8 . 00 3 . 64 67.46 
PI 534754--3 0.22 16.95 16.00 2.88 79 .37 
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Accessions t 100 Sd 
weight 
in g 
Seed 
yield g 
m'-
% seed 
germ. 
Leaf 
area in 
cm-
Plant 
height 
in cm 
PI 534756 0.26 9.96 6 . 00 3 . 24 75 . 01 
PI 534756-1 0.23 17.28 7 . 33 3 .77 84.78 
PI 534756-2 0.25 13 .43 2 . 00 3 . 18 67 .61 
PI 534761 0.23 15 . 82 17.33 2 .71 71.53 
PI 534761-1 0.21 13.20 22 .00 2 .84 59.57 
PI 534761-2 0. 22 13 .40 8 . 00 3 .37 65.55 
PI 534761-3 0. 19 16.79 14.00 3 . 16 66.33 
PI 634761-4 0.20 20.11 15.33 3 . 55 67 .13 
PI 534761—5 0.22 14 .20 14.00 2 . 60 77 . 50 
PI 534761-6 0.23 12 .34 10.00 2.46 71. 18 
PI 534761-7 0.23 15. 30 16 . 00 2 . 85 69.54 
PI 534761-8 0.22 9.91 16 .00 2.73 63 .31 
PI 534761-10 0.24 10.01 10 .67 2.62 79.32 
PI 534761-11 0.23 10.03 12 . 00 3 . 07 73 .80 
PI 534762 0.20 9.71 7 . 33 2 . 53 73 . 00 
PI 534762-1 0.20 12 . 06 6. 67 2.82 76. 95 
PI 534763 0. 22 10.15 3 . 33 3 . 60 74 . 07 
PI 534763-1 0. IS 15.39 3 . 00 3 .21 74 . 23 
PI 534764 0.21 9 . 72 8 . 67 2.71 62 . 78 
PI 534764-1 0. 22 8 .80 4 . 67 2 . 79 63 . 94 
PI 534764-2 0.22 12.73 3 .33 2 . 99 67 . 84 
PI 534764-3 0.23 24.18 3 . 33 3 .25 64 .86 
PI 534764-4 0.24 17 . 57 2.67 3 . 54 66 . 61 
PI 534764-5 0.22 12 . 98 7.33 2 . 53 71.91 
PI 534764-6 0. 22 11.46 5.33 2 . 66 67.43 
PI 534766 0. 22 9 . 55 12 . 67 3 . 93 75 .90 
PI 534766-1 0.22 5.10 8. 67 3 . 45 71.04 
PI 534766-2 0.21 7.56 1. 00 3 . 45 71.09 
PI 534766-3 0.23 4.78 4. 00 4 . 24 73.54 
PI 534766-4 0. 22 7.43 6. 00 3 . 84 72 . 79 
PI 534766-5 0. 22 10. 80 14 . 67 3 . 08 71.53 
PI 534766-6 0. 19 4.89 14 . 67 3 . 73 75.98 
PI 534766-7 0. 18 7.75 10.00 3 . 59 70 .84 
7: PI ' S  listed in bold face are parental lines, those in 
normal type are the R, families. 
Table A18; Means oils and fatty acids content of Cuphea 
viscosissima somaclones at Crawfordsville 
location. 
Accessions t C: 8 
o
 
H
 
u
 C: 12 % Of 
PI 534735 16 .73 67 . 37 3 . 07 25.47 
PI 534735-1 25.30 52 .90 5 . 10 20.25 
PI 534737 18 . 53 66 . 20 3 . 20 28.40 
PI 534737-1 13 . 60 66.85 3 .20 28.35 
PI 534737-2 17.57 67 . 03 3 . 10 28 . 07 
PI 534737-5 19 .20 67 . 10 3 . 10 22 .00 
PI 534738 18.47 67 . 07 2 . 93 24.73 
PI 534733-1 17.37 67.40 2 .87 27.47 
PI 534738-2 13 . 55 6 6 .  70 2 . 90 22.40 
PI 534738-3 18 . 17 68 . 00 2.73 24 .33 
PI 534738-4 17.37 6 6 .  73 2 . 37 22. 07 
PI 534738-5 17.67 67.23 2.83 24.27 
PI 534739 16.40 69.83 2 . 50 27.53 
PI 534739-1 15.20 70.40 2 .47 27.47 
PI 534740 15.60 67.70 2 .87 26.60 
PI 534740-1 16 . 00 68.33 2 . 80 24.77 
PI 534741 16. 03 69 . 67 2 . 63 26.60 
PI 534741-1 15. 33 69. 17 2 . 63 25.40 
PI 534744 16 .80 68 .77 2 . 63 23.80 
PI 534744-1 16. 60 69.73 2.47 27.90 
PI 534753 16.70 68 . 13 2 . 83 29.57 
PI 534753-1 16.60 66. 57 3 . 03 25.73 
PI 534753-2 16 . 60 68.27 2.90 29 . 57 
PI 534753-3 16.50 68 . 03 2.73 27.77 
PI 534753-4 17.33 69. 10 2 . 73 27.47 
PI 534753-5 16.03 68 . 43 2.77 26.43 
PI 534753-6 17.37 68 . 50 2.73 30 . 60 
PI 534753-7 14.43 67.97 2 . 63 23 . 07 
PI 534753-8 16. 93 68 . 10 2 .80 25.10 
PI 534753-9 15.83 67.83 2 . 87 26.76 
PI 534753-10 16.60 63 . 35 2 .70 25.75 
PI 534754 17.10 67.77 2.83 23 . 77 
PI 534754-3 17.47 68 . 93 2.73 24.30 
105 
Accès sions t C: 8 
o
 
H
 
U
 C: 12 % Of 
PI 534756 16.97 69 . 30 2.50 28 .73 
PI 534756-1 17 . 47 69 . 97 2.43 28.73 
PI 534756-2 16 . 77 69 .33 2.60 26.30 
?I 534761 15.90 70 . 97 2.37 30 . 07 
PI 534761-1 16. 07 70.67 2 . 67 26.77 
PI 534761-2 15.57 71.23 2.67 30.26 
PI 534761-3 16 . 30 71.57 2.30 27 . 07 
PI 634761-4 16 . 00 70.00 2 . 40 26.60 
PI 534761-5 15. 50 70.50 2 .35 28. 05 
PI 534761-6 16.57 72 . 03 2.67 27 . 90 
PI 534761-7 16 . 17 70 . 67 2.30 3 0.30 
PI 534761-8 15. 90 69 . 67 2.50 25 . 67 
PI 534761-10 16 . 10 71.30 2 .30 27.43 
PI 534761-11 16. 13 71.20 2.30 29.80 
PI 534762 17.23 68 . 63 2. 60 24.43 
PI 534762-1 17 . 10 68 .90 2 . 60 24.73 
PI 534763 16.47 69 . 37 2. 53 29 . 83 
PI 534763-1 16 . 03 70. 37 2 . 50 31. 57 
PI 534764 16 . 70 69 . 80 2 . 60 27.53 
PI 534764-1 15.90 70.07 2 . 60 26. 60 
PI 534764-2 15.37 69 . 17 2 . 63 22. 57 
PI 534764-3 16 . 47 70.43 2.47 25.90 
PI 534764-4 16. 67 70.23 2 . 50 28.53 
PI 534764-5 15 . 13 68 .70 2 . 67 26.20 
PI 534764-6 16.43 70.07 2 . 63 27.40 
PI 534766 15 . 67 70.13 2.43 26. 07 
PI 534766-1 16 . 00 70.10 2.50 27.70 
PI 534766-2 15 .93 70.33 2 . 37 29.73 
PI 534766-3 16 .43 70.83 2 . 37 29. 63 
PI 534766-4 15.30 69. 63 2 . 47 25.87 
PI 534766-5 15. 97 70. 17 2 .43 27. 13 
PI 5347 66 — 6 15 . 60 69.80 2.43 27.13 
PI 534766-7 15. 60 70.00 2.47 26.20 
f: PI's listed in bold face are parental lines, those in 
normal type are the R,families. 
Table A19: Means for agronomic traits of Cuphea 
viscosissima at Crawfordsville location. 
Accessions t 100 Sd Seed % Seed Leaf Plant 
weight yield g germ. area in height 
in g m'- cm- in cm 
PI 534735 0.21 1. 79 8 . 66 2 .35 54.89 
PI 534735-1 0 - 20 1.47 4 . 00 2.51 58 .49 
PI 534737 0.25 4.40 3 . 33 1.80 53 .38 
PI 534737-1 0.27 4.31 5 . 00 2 .20 52 .55 
PI 534737-2 0 . 27 4 . 38 3 . 67 2 .34 49 .18 
PI 534737-5 0 .18 8 . 79 6. 00 2 .36 46.40 
PI 534738 0 . 24 5 . 11 0. 67 2 . 60 57 . 65 
PI 534733-1 0 .24 3 .77 9 . 00 2 . 04 52.97 
PI 534738-2 0.20 4.20 33 2.30 57.98 
PI 534738-3 0 .23 5 . 13 5. 33 2 .70 57 . 57 
PI 534733-4 0 .23 2 .36 3 . 67 2.92 51.27 
PI 534733-5 0 .25 5.18 3 . 00 2 .56 56.72 
PI 534739 0 . 23 3 . 13 4 . 67 1.93 57.30 
PI 534739-1 0 .21 2 .78 3 . 33 2 . 17 48 . 19 
PI 534740 0.27 3 .30 4 . 67 2.48 59 .13 
PI 534740-1 0.24 5 . 55 1. 67 2 . 59 57 . 06 
PI 534741 0.25 4 . 60 6 . 33 2 .35 55 . 48 
PI 534741-1 0 .23 2 .25 9 . 33 2.22 58 . 59 
PI 534744 0.25 6.78 4 . 33 2.20 50. 62 
PI 534744-1 0 .25 3 .41 5. 00 2 .01 50.26 
PI 534753 0.24 2 .00 6. 67 2 . 53 58.43 
PI 534753-1 0.21 2 .30 9. 67 2.63 56.23 
PI 534753-2 0. 24 2 . 18 16 . 00 2.36 54.80 
PI 534753-3 0.20 2.36 10 . 00 2.41 57 . 79 
PI 534753-4 0. 23 2.26 16 . 00 2 . 11 44 . 68 
PI 534753-5 0 . 20 2 . 37 10 . 67 2.64 59 . 01 
PI 534753-6 0.23 1.45 10 . 33 2 .97 61.30 
PI 534753-7 0. 23 2.31 8. 67 2.80 56.52 
PI 534753-8 0.21 2 . 65 10 . 00 2 . 17 49.59 
PI 534753-9 0 . 23 2 .49 10 .33 2.79 50.11 
PI 534753-10 0.20 2.48 12 . 00 2.36 49 . 18 
PI 534754 0. 19 6.44 7. 33 2.20 59.79 
PI 534754-3 0.21 4 . 47 11 . 00 2.37 53 . 83 
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Accessions t 100 Sd 
weight 
in g 
Seed 
yield g 
m"-
% Seed 
germ. 
Leaf 
area in 
cm-
Plant 
height 
in cm 
PI 534756 0.27 3.33 6.00 2 . 24 66 . 14 
PI 534756-1 0.27 4.84 2.00 2.80 51.87 
PI 534756-2 0.25 7.41 1.67 2 . 45 51.22 
PI 534761 0.23 3.09 9.33 2 . 13 57-98 
PI 534761-1 0.23 5.23 7 . 67 1.93 44 . 54 
PI 534761-2 0.23 2 .17 13 . 00 2 .41 48 . 19 
PI 534761-3 0.22 3.41 18 . 00 2 . 24 44.58 
PI 634761-4 0.25 3 .66 13.33 2.22 50.81 
PI 534761-5 0.23 5.43 17.00 2 .21 55. 19 
PI 534761-6 0.21 5.28 8.67 2.20 58.04 
PI 534761-7 0.24 3 . 68 9.00 2 .35 48. 76 
PI 534761-8 0. 19 5. 05 10.33 2.28 57 . 88 
PI 534761-10 0.24 5. 05 15.33 2.44 53 . 18 
PI 534761-11 0.24 4.87 10 . 00 2 .26 56.93 
PI 534762 0.20 2.59 11. 00 2 . 00 58.59 
PI 534762-1 0.21 1.58 7.33 1.97 51.99 
PI 534763 0.23 2.48 0.33 2.54 55. 11 
PI 534763-1 0.22 2 . 68 3 .33 2 . 17 55.84 
PI 534764 0.23 4 .13 5 . 00 2.39 50.33 
PI 534764-1 0.24 3 .10 5.67 2 . 16 49 . 91 
PI 534764-2 0.21 3 .14 2.67 2.63 49. 63 
PI 534764-3 0.22 2 . 66 4.00 2.34 50. 57 
PI 534764-4 0.24 4.04 1.33 2 .36 52.98 
PI 534764-5 0.22 2.23 5.67 2.34 56. 95 
PI 534764-6 0.23 3.98 2 . 67 2.25 55.41 
PI 534766 0.22 2.08 12.00 2 . 64 54.28 
PI 534766-1 0.20 0.75 13.00 2.63 50 . 91 
PI 534766-2 0.23 1.88 15.00 2.47 54 . 40 
PI 534766-3 0.23 4.15 9 . 67 2.87 54 . 55 
PI 534766-4 0.22 2 . 92 14. 67 2.84 45290 
PI 534766-5 0.21 1. 64 14.33 2 . 54 51. 00 
PI 534766-6 0.21 1.32 10.67 2.56 57 .86 
PI 534766-7 0.22 3.66 4 . 67 2.45 51.10 
T] PI'S listed in bold face are parental lines, those in 
normal type are the R, families. 
